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ABSTRACT 
The quest towards sustainable development, both nationally and globally, puts the 
construction industry in the foreground as the main consumer of natural resources. The 
industry has profound economic, social and environmental impacts. Sustainable 
construction is one of the most important challenges faced by the construction industry 
today. In the UK, sustainability is being driven and enforced by the government through 
stringent fiscal policies and regulations, voluntary initiatives combined with naming and 
shaming strategies. Stakeholders are becoming more aware of the global challenges and 
are using their power to exert pressure on companies. Increasingly, construction clients 
are demanding that their business partners submit: their corporate sustainability policies 
with tender packages to demonstrate their performance in dealing with opportunities 
and risks stemming from economic, environmental and social aspect of sustainability. 
However, the lack of understanding of the concept and its practical application has been 
a recurrent problem.  
 
The conceptual confusion; its vagueness and ambiguity, the complexity of the myriad of 
challenges and fluidity of the sustainability concept, compounded with the myopic 
attitude of the industry, lack of clear-cut and practical framework are causing frustration 
in the construction industry. Consequently, a number of sustainability management 
frameworks have been proposed. There are probably more than one hundred 
frameworks for sustainable business strategy. However, the majority of these are either 
complicated to implement or lack sound theoretical base, effective change management 
and completeness. These, therefore, do not make the situation any easier. Many are still 
baffled as to what they should do and how they should go about affecting change. 
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Corporate sustainability in the construction industry is a challenge to many companies. 
The industry is still under-performing in each of the key themes of sustainable 
construction and this has lead to a 'blame culture’ where each sector of the industry 
allocates responsibility for its current failings to others (CIRIA C563, 2001). Such a 
situation poses a need for a comprehensive, practical and easy to use tool that would aid 
the implementation and management of sustainability at the core of business process. 
The tool will complement the existing frameworks, which breaks down the strategic and 
management issues into manageable components. This will enable companies to focus 
on individual areas and identify actions needed to facilitate change. The problem is that 
such a tool is virtually non-existent. 
 
The main focal point of this research is the development of a tool to facilitate the 
implementation, management and integration of sustainability issues at the strategic 
level and promote wider uptake of the concept in the construction industry. This 
requires a thorough understanding of the concepts of sustainable development, 
sustainable construction and related issues as well as drivers, benefits, barriers and 
enablers for achieving corporate sustainability. It also demands an examination of 
existing management frameworks and collation of case studies from the early adopters 
to establish critical factors for strategic and management issues involved in achieving 
corporate sustainability. Through, diverse research epistemologies (quantitative, 
qualitative and triangulation methods), the research established four main critical factors 
and thirty-six sub-critical factors for achieving corporate sustainability. These factors 
underpinned the development of a web-based prototype software (ConPass). This thesis 
presents the development and evaluation ConPass Model and the prototype software.  
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PREFACE 
The Engineering Doctorate (EngD) programme is a radical alternative to the 
conventional PhD in the sense that it is more suited to the needs of industry and 
endeavours to solve a single or aggregation of problems within the business 
environment (CICE, 1999). The main criteria of the EngD programme are that it must 
strive to contribute to knowledge, most importantly demonstrate innovation in the 
application of knowledge to the engineering business environment (CICE, 2001). This 
thesis describes a research project that focuses on the concept of sustainable 
development and sustainable construction, with the main emphasis on developing 
frameworks for promoting sustainability issues at the strategic level.  
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     CHAPTER 1: INTRODUCTION 
1.1 INTRODUCTION 
Sustainable construction is a broad and complex concept, which has grown to be one of 
the major issues in the construction industry. Consequently, there are proliferations of 
research in the field. This research is based on the premise that to achieve sustainability 
in the industry, there is a need for both strategic (company level) and operational 
(project level) tools. Admittedly, whilst there are a host of research and tools in this 
domain, most are project based and focused on integrating sustainability issues at the 
operational level. Those that address sustainability issues at strategic level are either too 
complex to use or less comprehensive. As a result, major barriers still persist in 
integrating sustainability issues at the strategic level. This research attempts to redress 
this imbalance by focusing on sustainability issues at the strategic level. This chapter 
describes the research background, aim and objectives, justification and scope of the 
research, as well as the structure of the thesis. 
 
1.2 BACKGROUND TO THE RESEARCH 
This section of the thesis overviews the general subject domain (of sustainable 
development, sustainable construction and corporate sustainability) and sets the research 
context from both the industrial sponsor’s and wider industry’s perspectives. 
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1.2.1 THE GENERAL SUBJECT DOMAIN 
Sustainable development has become a mainstream and new social value for the 21st 
century. The increasing spectrum of environmental and social challenges instigated by 
the failure of development strategies, the continuous proliferation of unsustainable 
patterns of production and consumption, coupled with the anticipated level of 
population stimulated the pursuit of a new path. Sustainable development has emerged 
as a possible remedy. Sustainable development describes the new world order of living 
within the earth carry, regenerating and assimilating capacity. It portrays the ideal 
society- a better quality of life for everyone now and for generations to come (WCED, 
1987; DETR, 1999). As a concept, sustainable development is not new (Adetunji, 
2003a). The Brundtland Report Our Common Future brought the concept to the 
political arena (WCED, 1987) and was reaffirmed at subsequent global Earth Summits 
and various global initiatives.  
 
Sustainable development is a complex and fluid concept, which continues to develop 
over time. The most widely used definition is Brundtland’s: ‘development that meets the 
needs of the present without compromising the ability of future generations to meet their 
own needs’ (WCED, 1987).  Central to this definition is an emphasis on integration of 
economic, environmental and social goals, and a requirement that they be considered 
equally, both for intra- and inter- generational equity. Even though many regard the 
definition as vague and ambiguous (Brandon, 2000; Dovers and Handmer, 1993), the 
Brundtland report has prompted numerous actions at both global and national levels and 
underpinned Agenda 21: the main outcome of the Rio Earth Summit (UNCED, 1992). 
Agenda 21 sets out the global action plan and instigates international treaties to 
 CHAPTER 1: INTRODUCTION 
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achieving sustainable development. It calls on governments, local authorities and 
businesses to define and adopt strategies for sustainable development. 
 
In response to the Agenda 21, several national governments have published sustainable 
development strategies and action plans. The UK government, like most national 
governments, is strongly committed to achieving sustainable development. The UK 
Government published its first strategy, the White Paper on the Environment titled 
“This Common Inheritance” in 1990. Following the Rio Earth Summit and its 
commitment to Agenda 21, the UK became one of the first countries to produce a 
sustainable development strategy: “Sustainable Development: The UK Strategy” in 
1994. In recognition that sustainable development is an evolving concept, this strategy 
has been replaced twice. In 1999 “A better quality of life – a strategy for sustainable 
development” was launched after a lengthy consultation. The latest strategy, “Securing 
the future: delivering UK sustainable development strategy, was published in 2005 
following lengthy consultation. This strategy responded to three key issues, namely: the 
limitations of the previous strategy, the renew impetus of the Johannesburg Summit in 
2002 and the changed structure of government in the UK with devolution to Scotland, 
Wales and Northern Ireland (DETR, 2005).   
  
At the local level, the role of local authorities in the process of achieving sustainable 
development is set in the Local Agenda 21 (LA 21) entitled “Local Authorities 
Initiatives in Support of Agenda 21” (UNCED, 1992). LA 21 has become well 
embedded as a mechanism for promoting sustainable development strategies at the local 
government level (Selman, 1998). The analysis of Agenda 21 has indicated that a high 
proportion (two-thirds) of its action proposals fall within the domain of local 
Sustainable Construction: A Web-based Performance Assessment Tool 
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government. The local authorities are closed to the major issues such as land use 
planning and solid waste disposal. As elected government closest to the citizen, they 
have huge potential for ‘capacity building’; that is providing people with knowledge, 
power and resources to undertake sustainable development (Bosworth 1993). Therefore, 
the local authorities are key players in the transition to sustainability society. The LA 21 
encourages local authorities to adopt their own sustainable development strategy, 
involving partnerships with other sectors, such as local businesses and community 
groups. The majority of local authorities in the UK have responded positively to the 
introduction of Agenda 21. Research suggests that the majority of the local authorities 
(over 90 per cent in 1996) have developed their local sustainability strategies (LGMB, 
1997). 
 
According to Crossley (2002), multinational corporations such as Shell, BP, Microsoft 
and so on, account for fifty-one of the 100 largest global economies, while the 
remaining forty-nine are countries. Within society, there is growing conviction that a 
sea change is needed in corporate values and how most corporations perceive their role 
in the society. In the past, corporations have primarily focused on economic 
responsibility, that is, maximizing shareholder value (Elkington, 2002). It is a general 
consensus that businesses, as the main consumers of natural resources and the major 
cause of most of these challenges, must take the lead in achieving a sustainable society 
(Dunphy, 2000). Hence, at corporate level the notion of corporate sustainability is 
taking hold and sustainability issues are becoming one of the main driving forces in 
running a successful business. Corporate sustainability is about addressing economic, 
environmental and society impacts and managing them accordingly towards the 
attainment of a desired sustainability performance.  The path to corporate sustainability 
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requires that firms look for and work out strategies that guarantee financial success and 
at the same time managing its environmental and social impacts (Elkington, 2002). 
Research has shown that a few leading edge organisations are increasingly adopting 
proactive strategies and being transformed sustainable organisations, capable of meeting 
the needs of the sustainable society. However, only a very few have successfully made 
the difficult transition (Doppelt, 2003). The problem here is that there is neither a clear-
cut nor straightforward approach to achieving corporate sustainability. 
 
The pursuit of sustainable development has put the built environment and the 
construction industry under the spotlight. The construction industry is a significant part 
of any economy and contributes both positively and negatively to the quality of life. 
According to the Worldwatch report (2001), the industry accounts for 40 per cent 
(approximately three billion tons) of the total flow of raw materials into the global 
economy every year. The production and processing of these materials impacts heavily 
on the landscape, and can cause air pollution, toxic runoff into watercourses, and loss of 
forests and agricultural land (Crossley, 2002). The construction process and operation of 
buildings also account for 25 per cent of all virgin wood use, 40 per cent of total energy 
use, 16 per cent of total water withdrawals and generates enormous quantities of solid 
waste. The industry’s total annual output represents 10 per cent (USD 300 billion) of the 
global GNP of which 30 per cent is in Europe (CICA, 2002). The industry is regarded 
as the world’s largest industrial employer, it employees 28 per cent (111 million) of 
industrial employment.  
 
In the UK, the industry accounts for some 10 per cent of GDP and has an output of 
roughly £58 billion. It employs 1.5 million people, equating to about 10 per cent of the 
Sustainable Construction: A Web-based Performance Assessment Tool 
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working population (DETR 2000). The total annual material resource requirement is 
estimated to be 424 million tonnes of which about 220 million tonnes are quarried 
(BGS, 1998). Some 70 million tonnes of construction and demolition materials and soil 
end up as waste while some 13 million tonnes of this comprises material delivered to 
sites and thrown away unused (BRE, 2000). The industry was responsible for 600 water 
pollution incidents in the year 2000 alone (DEFRA, 2001). About 30 per cent of the 
construction is rework. Labour is only used at 40-60 per cent of potential efficiency, and 
accidents can account for up to six per cent of total costs. On average, one construction 
worker dies at work as a result of an accident each day and about £180 million a year 
could be saved in work-related illness costs in the industry. The vast quantity of 
material, waste arising and other construction activity demands a significant amount of 
transportation. Transportation consumes a substantial amount of fossil fuel, which is a 
major source of carbon dioxide and other polluting substances causing global warming.  
 
Against these backgrounds, if ever there was an industry best placed to demonstrate the 
business case for sustainable development, it has to be the construction industry: where 
competition is fierce and profit margins are low. The UK government has challenged 
the industry to take the lead in achieving a sustainable society and improving the quality 
of life, in terms of employment, housing, utilities, transport infrastructure and the 
surrounding built environment. The application of sustainable development to the 
construction industry is sustainable construction, that is, equal consideration of 
economic, social and environmental issues in delivering construction projects. To 
promote more sustainable construction, several national initiatives have been initiated 
and documents. The most notable of these documents, among others, are ‘Building a 
better quality of life: a strategy for more sustainable construction’ (DETR, 2000), 
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which recommends key action themes to kick-start adoption of more sustainable 
practices within the industry. Also, Achieving sustainability in construction 
procurement: sustainability action plan (GCCP, 2000), which provides some context on 
the government sustainability procurement action plans. 
1.2.2 THE INDUSTRIAL SPONSOR 
This research project was jointly initiated and funded by Raynesway Construction 
Southern (RCS) and Engineering and Physical Science Research Council (EPSRC) in 
collaboration with CICE at Loughborough University. RCS, part of Balfour Beatty 
Group was established in 1996 and has expanded rapidly to become the UK leading 
asset management provider in the highway and rail sectors, with over 1,600 employees. 
The total annual turnover of the company has grown exponentially from £12m less than 
10 years ago to over £180m. The company’s works mainly comprises: highway 
management and maintenance (such as network and asset management, winter 
maintenance, emergency response, gully cleansing, road marking, surface dressing, 
traffic management and street lighting); offtrack rail maintenance service (for mainline 
and underground networks); and civil engineering works (such as road safety, town 
centre improvement schemes, replacement of motorway bridge and building of railway 
station). 
 
RCS works predominantly for the government agents namely the Highways Agency and 
the Local Authorities in the UK. In the road maintenance sector, the main procurement 
method is supply chain collaboration and strategic partnering which negates that RCS 
must adopt its clients’ objectives, policies and strategies. The company works closely 
with these clients through strategic partnering to achieve their aims for effective 
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network operations and maintenance management. Current contracts include the 
following.  
• Maintenance of county roads in Bedfordshire, Hampshire, North Yorkshire, 
Worcestershire, Westminster, Wokingham. 
• Maintenance of trunk road and motorway for Highway Agency in Area 2, Area 
3, Area 4, M77 and M1/A1. 
• Street lighting contracts in surrey, Westminster, Bedfordshire, North Yorkshire 
and Highway Agency contracts. 
• Offtrack rail maintenance in Kent and Wessex regions for Network rail, 
maintenance works on the London Underground for Trans4M, the operating arm 
of Metronet. 
 
The vision of RCS is ‘to be the UK’s leading operator and term maintenance provider, 
renowned for customer service, respect for people, protecting the environment and 
providing best value’. The three core values, which underpin everything RCS does, are 
Customer Focus, Honesty and Belief in our People (RCS, 2004). Within this broader 
context, RCS has identified seven key areas of focal points:  
• Investment in People; 
• Commitment to customers; 
• Health and safety; 
• Partnering; 
• Quality; 
• Innovation and Improvement; and 
• Sustainability and environmental management. 
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The above issues reflect the recent developments and current trends in the UK 
construction industry. In recent years, sustainable construction and supply chain 
management have become two of the major issues in the UK construction industry. The 
increasing environmental, social and economic impacts of the construction industry led 
to the demand for sustainable construction (DETR, 2000). Concurrently, in response to 
the recurrent poor quality of work, affordability and budget constraints in the public 
sectors (Gershon, 1999; OGC, 1999; HM, 2000), under performance, low productivity, 
low profit margin, adversarial relationships and the fragmented nature of the 
construction industry, it has been suggested that the industry can benefit from adopting 
supply chain management (Latham, 1994; Egan, 1998). Sustainable construction is 
central to the Government’s vision for the future of the UK. Pressures on the industry to 
respond to the sustainability agenda are building on many fronts. To achieve 
sustainability in the construction process, the Government has been using a mixture of 
policy such as voluntary initiatives, legislation, regulation, and fiscal and economic 
policies.  
 
The outcome of these recent developments is that, public sector clients’ procurement 
strategies are increasingly reflecting the government’s sustainable construction and 
supply chain management policies. Increasingly, sustainability issues are becoming one 
of the key parts of tender selection criteria. Many large construction companies (by 
turnover), especially those with the government as major clients, are developing a 
variety of tools, policies and strategies that measure and demonstrate their performance 
(Adetunji, et al 2003b). RCS being a proactive company, that needs to: meet its clients’ 
demands, consolidate its market position and above all achieve its vision, recognises 
that corporate sustainability is a strategic long-term competitive issue. However, with 
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RCS like most construction companies, the interpretation of sustainability agenda is far 
from straightforward and many challenges exist in integrating sustainability at the core 
of its business process. This is compounded by the lack of a simple and user-friendly 
framework to help companies manage and integrate sustainability issues at the core of 
their business process. RCS in partnership with Loughborough University and EPSRC 
commissioned this research to fill that gap.  
1.3 AIM AND OBJECTIVES 
The above background and the preceding subsection underscore the need for improving 
understanding of sustainable construction and enhancing the effectiveness of actions to 
implement sustainable construction at the core of construction business process. This 
section presents the research aim and objectives of the EngD project. 
1.3.1 AIM OF THE RESEARCH 
The overall aim of this research is: “To develop a practical and easy to use tool to aid 
the implementation, integration and management of sustainability issues at the strategic 
level and promote wider uptake of the concept in the construction industry”. This could 
be achieved by developing a web based self-assessment tool that helps construction 
companies identify gaps in their corporate sustainability implementation efforts, focus 
attention on areas for improvement, benchmark their performance with peers and the 
construction industry as a whole. In this context, four key objectives were identified. 
1.3.2 OBJECTIVES OF THE RESEARCH 
In order to achieve the research aim, four key objectives were set and subdivided into 
sixteen tasks. The research road map has been included in Chapter three (Figure 3.4). 
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This maps research objectives and associated tasks along with adopted research 
methods and outputs. The four key objectives are to: 
 
• investigate the concept of sustainable development and the UK strategic approach; 
• identify its application to the construction industry and progress in its uptake; 
• examine frameworks for managing, monitoring and reporting on corporate 
sustainability; and 
• develop and evaluate an assessment model and a prototype software for 
implementing and managing sustainability at the strategic level. 
1.4 JUSTIFICATION AND SCOPE OF RESEARCH 
The quest towards sustainable development, both nationally and globally, puts the 
construction industry in the foreground as the main consumer of natural resources. The 
industry has profound economic, social and environmental impacts. Sustainable 
construction is one of the most important challenges faced by the construction industry 
today. In the UK, sustainability is being driven and enforced by the government through 
stringent fiscal policies and regulations, combined with voluntary agreements and 
naming and shaming strategies, for example: climate change levy, landfill tax to 
mention a few. Stakeholders are becoming more aware of the global challenges and are 
using their power to exert pressure on companies. Increasingly, construction clients are 
demanding that their business partners submit: their corporate sustainability policies 
with tender packages as company strategy; and demonstrate their performance in 
dealing with opportunities and risks stemming from economic, environmental and social 
sustainability, thus provide a strong indication of the capability of the contractor to 
deliver value for money projects. This trend is more apparent with companies with the 
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public sectors (Adetunji, 2003b) and major private clients (Crossley, 2002; Cowans 
2003; Taylor Woodrow; 2003). This is confirmed by recent research commissioned by 
DTI and Corus (2004) to elicit clients and their professional advisers attitude on 
sustainable construction. The research indicates that a significant high proportion of 
briefs from the public sector clients are increasingly reflecting government 
sustainability policy. Crossley, (2002) found that many major private clients are also 
doing the same. Government initiatives, legislative and market pressures, are forcing 
most of the UK’s largest companies to develop comprehensive corporate sustainability 
policies and code of practices and this is having a cascading effect on their supply chain.  
 
The growing number of organisations initiating corporate sustainability agenda 
demonstrates the increasing importance of sustainability to business survival (Sue-Mot, 
2004a; Davis-Walling and Batterman, 1997; Kolk 2000; CIRIA 2003; Adetunji, 2003c). 
The lack of understanding of the concept and its practical application has been a 
recurrent problem and corporate sustainability, remains a major challenge to many 
companies in the construction industry. The conceptual confusion; its vagueness and 
ambiguity, the complexity of the myriad of challenges and fluidity of the sustainability 
concept, compounded with the myopic attitude of the industry, lack of clear-cut and 
practical framework are causing frustration in the construction industry. Many are still 
baffled as to what they should do and how they should go about affecting change. 
Whilst various management frameworks for integrating sustainability issues at a 
strategic level exist, their implementation processes are either too complex or less 
comprehensive, therefore, do not make the situation any easier. Corporate sustainability 
in the construction industry is a challenge to many companies. The industry is still 
under-performing in each of the key themes of sustainable construction and this has lead 
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to a 'blame culture’ where each sector of the industry allocates responsibility for its 
current failings to others (CIRIA C563, 2001). Such a situation poses a need for a 
comprehensive, practical and easy to use framework that would aid the implementation, 
management and integration of sustainability at the core of business process. 
 
The main focal point of the research is the development of a tool to facilitate the 
implementation, management and integration of sustainability issues at the strategic 
level and promote wider uptake of the concept in the construction industry. This 
requires a thorough understanding of the concepts of sustainable development, 
sustainable construction and related issues as well as drivers, benefits, barriers and 
enablers for achieving corporate sustainability. It also requires an examination of 
existing management frameworks and collation of case studies from the early adopters 
to establish critical factors for strategic and management issues involved in achieving 
corporate sustainability. The figure below illustrates the research focus and data input to 
achieving the research aim. 
 
Figure: 1.1 Research Focus and Data Input 
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1.5 STRUCTURE OF THE THESIS 
This thesis is organised into five chapters, which is structured as follows. 
 
Chapter One introduces the research. It describes the background, aim and objectives, 
justification and scope of the research as well as the summary of the chapter. 
 
Chapter Two reviews related and previous work in the subject area. It describes the 
novelty of EngD research in the context of related and previous work. 
 
Chapter Three reviews a range of research methods and highlights their weakness and 
strength. It also describes those adopted for EngD research project. 
 
Chapter Four presents the research undertaken to meet the aim and objectives and 
associated task breakdown. 
 
Chapter Five discusses the main research findings, including the evaluation results of 
the prototype application. It also presents the impacts and implications of the 
research for the project sponsor as well the wider construction industry. Finally, it 
presents the conclusion derived from the research and recommendations for further 
study. 
 
Appendix A to E contain the five scientific papers that were published in support of 
this research study. A summary listing of the publications, along with full 
bibliographical references is included in Table 3.4 of Chapter 3. These papers are an 
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integral part of the thesis and should be read in conjunction with the thesis, as they 
contain further details of the work done 
 
Appendix F includes other support information such as the survey and interview 
questionnaires, the ConPass assessment model and prototype tool evaluation 
questionnaires. 
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2   CHAPTER 2: REVIEW OF RELATED WORK 
2.1 INTR ODUCTION 
Sustainability has evolved as a mainstream research focus and much attention has been 
devoted to the sustainability agenda from researchers of various backgrounds. As a 
result, a substantial amount of information has been generated. A simple database 
search indicates a tremendous wealth of literature has been accumulated over the past 
few years.  This information overload on the concept makes its practical application 
very difficult to every company that embarks upon the journey toward a sustainable 
business and those institutions tasked with creating a sustainable society. This section 
reviews previous and related work on the concept of sustainable development, 
sustainable construction in the UK context, tools for managing sustainability at project 
level and the framework for sustainability management at strategic level. This review is 
by no means exhaustive but serves to demonstrate the fragmented nature and 
complexity of the problem.  
2.2 SUSTAINABLE DEVELOPMENT 
Sustainable development is a broad concept and has been interpreted and adopted in 
multiple contexts. As a result, there is a wide range of definitions. Previous research 
suggests the total number of definitions are in the range of 100 – 200 (Hill, 1998; 
Parkin, 2000; Moffatt, 2001). The broad appeal of the concept (SUE-Mot, 2004a) and 
multiplicity of definitions are causing confusion and dichotomy among its protagonists. 
Several authors have branded the concept as fuzzy, vague, ‘motherhood apple pie’ and a 
breeding ground for disagreement (Brandon, 2000; Pearce, 1989). Nonetheless, there 
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are some areas of consensus in previous work. For those who study sustainable 
development and sustainability, perhaps the few areas of consensus are as follows. 
 
• The world’s present path of development is unsustainable and sustainable development 
is currently the only visible solution. 
• Brundtland definition ‘development that meets the needs of the present without 
compromising the ability of the future generations to meet their own needs’ remains 
the global standard and underpins most interpretations of the concept.  
• Sustainable development is a cross-cutting and pervasive concept with three 
dimensions: economic, social; and environmental aspects of sustainability. 
• Brundtland’s definition has spawned a series of subsets of sustainable development to 
meet particular sector needs, e.g. sustainable community, sustainable business, 
sustainable construction, sustainable building and so on. 
• To achieve the goal of sustainable society, actions at different levels (international, 
national, regional, local, business, industry and individual) are required. 
2.3 SUSTAINABLE CONSTRUCTION IN THE UK 
Within the broader context of sustainable development, construction has a prominent 
role. The UK Government commitment to sustainable construction is set out in 
‘Building a better quality of life- a strategy for more sustainable construction’ (DETR, 
2000). Ever since its publication, the sustainable construction agenda has been taken 
forward through a dynamic partnership between the government and industry. As a 
result, there have been several developments as summarised below. 
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• There has been an increase in the number of voluntary policies, legislations, 
regulations, economic measures and fiscal incentives such as Landfill Tax, 
Climate Change Levy, Aggregates Levy, Renewable Grant Schemes, Land Use 
Incentives and changes to the Building Regulations. 
• The Building Regulations, the Planning White Paper, the Communities Plan and 
the Energy White Paper have been amended to reflect sustainable construction 
agenda. 
• There are several joint initiatives to promote awareness, capacity building and 
reporting mechanisms such as Global Reporting Initiatives, CIRIA’s industry 
sustainability indicators, sustainable construction task force and the sustainable 
building task force etc. 
• Sectors within the industry (e.g. steel, concrete, brick, civil engineering, etc.) 
have developed their own sustainability strategy and action plans and have 
started reporting on progress.  
• A host of demonstration projects on sustainable construction initiatives 
providing tangible evidence of positive outcome such as the Rethinking 
Construction, WRAP, Sustainable Construction Road Show and so on. 
• Research centres on sustainable construction funded by the government have 
been organised nationwide, numerous conferences, books, journals and 
publications are available, and universities are offering various courses and 
degrees in the fields. 
• There are plethora of research on sustainable construction concepts, tools, 
frameworks, technologies, materials, energy systems, water conservation 
systems and other related issues, such as waste minimisation, recycling 
techniques, alternative materials and environmental management. The results are 
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available as publications (e.g. CIRIA and TRL Reports), digests (e.g. BRE), 
guidance notes (e.g. Environment Agency Pollution Prevention Guidance (PPG), 
videos and training packs.  
 
On the surface, at least, it would appear that these efforts are a significant success story 
and the industry movement toward more sustainable construction has gained significant 
momentum. However, the actual situation may not be so upbeat as the industry is still 
faced with major challenges (Kilbert, 2004; CIRIA C563, 2001). 
2.3.1 DEFINITIONS OF SUSTAINABLE CONSTRUCTION 
As with sustainable development, the term sustainable construction is a cross-cutting 
issue and means different things to different people. The review of related works 
indicates multiple definitions exist (e.g. Kilbert 1994, DETR, 2000, Wyatt, 1994; 
Langston and Ding, 2001; Walker, 1999) and there is variance in terms of scope and 
context. For simplicity, sustainable construction is best described as the subset of 
sustainable development and its application to the construction industry. The 
construction industry involves all who plan, develop, produce, design, alter or maintain 
the built environment and includes manufacturers and suppliers of construction 
materials, clients, contractors, consultants and end users of facilities (CRISP, 2000). In 
most literature, a common definition of sustainable construction, ‘the creation and 
responsible management of a healthy built environment based on prudent use of 
resources and ecological principles’ (Kirbert 1994) and a plethora of other definitions 
(e.g. Roodman and Lenssen, 1994, 1995; Loftness, 1994) focused more on the 
environmental aspect of sustainability. Others, for example Wyatt (1994), ‘sustainable 
construction ethos requires a 'cradle to grave’ appraisal of project, which involves 
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managing the serviceability of project during its life-time and eventual deconstruction’ 
focus on the economic aspect of sustainability. Only a few of the existing definitions are 
comprehensive and capture the holism of the concept. The UK sustainable construction 
strategy provides a good example of this, ‘sustainable construction comprises many 
processes through which a profitable and competitive industry delivers built assets to 
enhance quality of life and stakeholder satisfaction’ (DETR, 2000).  
 
The main issues that could be drawn from these multiple definitions in the existing 
work have been summarised below.  
• Most focused on either the environmental or economic aspect of sustainability 
while a few advocate the integration of the three dimensions of sustainability: 
environmental, social and economic. 
• Embedded in those definitions that capture a holistic approach to the concept is 
the notion of economic profitability based on environmental integrity and social 
responsibility. 
• Sustainable construction involves all phases of the construction activities, that 
are: (i) Pre-construction - planning, option and tender appraisal, design stage 
etc.; (ii) Construction - construction impact, supply chain management etc.; and 
(iii) Post construction - operation and maintenance to the eventual 
deconstruction and recycling of resources, to reduce the waste stream usually 
associated with demolition. 
• Sustainable construction encapsulates issues such as whole life cycle, 
procurement, site planning, material selection and the use of recycling, and 
waste and energy minimisation and so on. 
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2.3.2 PRINCIPLES OF SUSTAINABLE CONSTRUCTION 
In terms of the principle for sustainable construction, various efforts have been made to 
examine several definitions of sustainability in an attempt to enunciate principles to be 
upheld in attaining sustainable construction. Amongst the published work relating to the 
principles of sustainable construction are Kilbert (1994), Hill (1994), Lindle (1994), 
Hill and Bowen (1997), Robbert (1995), Graham (2000) Long (2001), and DETR, 
(2000). A few examples are collated in the table below. In general, there is a consensus 
that the breadth of the principle of sustainable construction mirrors those of sustainable 
development, which is about synergistic relationships between economic, social and 
environmental aspects of sustainability. 
Table 2.1 Examples of Principles of Sustainable Construction 
Authors Proposed Principles for Sustainable Construction 
DETR (2000) Profitability and competitiveness, customers and clients satisfaction 
and best value, respect and treat stakeholders fairly, enhance and 
protect the natural environment, and minimise impact on energy 
consumption and natural resources. 
Hill and Bowen (1997) Social pillar: improve the quality of life, provision for social self- 
determination and cultural diversity, protect and promote human 
health through a healthy and safe working environment and etc 
Economic pillar: ensure financial affordability, employment creation, 
adopt full-cost accounting, enhance competitiveness, sustainable 
supply chain management. 
Biophysical pillar: waste management, prudent use of the four 
generic construction resources (water, energy, material and land), 
avoid environmental pollution and etc.  
Technical pillar: construct durable, functional, quality structure and 
etc. 
These four principles are contained within a set of over-arching, 
process-oriented principles (e.g. prior impact assessment of 
activities). 
Miyatake (1996); CIB (1999) Minimisation of resource consumption, maximisation of resources 
reuse, use of renewable and recyclable resources, protection of the 
natural environment, create a healthy and non-toxic environment, and 
pursue quality in creating the built environment 
Cole and Larsson (1999) Reduction in resource consumption (energy, land, water, materials), 
environmental loadings (airborne emissions, solid waste, liquid 
waste) and improvement in indoor environmental quality (air, 
thermal, visual and acoustic quality) 
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2.3.3 KEY SUSTAINABLE CONSTRUCTION ISSUES 
A number of major research establishments such as CIRIA, BRE, M4I, Sustainable 
Construction task force, Sustainable Buildings Task Force, research centres and a host 
of others have addressed, with some degree of success, the questions: (i) what are the 
pressing economic, environmental and social challenges that the construction 
companies have to face and win? (ii) How should the industry go about achieving more 
sustainable construction? While a multitude of efforts have been dispended on the ‘what 
question’ and the review of previous works indicates a general consensus exist. 
Therefore, the principal issues associated with the key sustainable construction themes 
of the UK Government sustainable development objectives has been mapped out and 
collated in the table below. As with latter question, the review of previous works 
suggests that research in these areas are less conclusive and there is a major scope for 
further work, therefore the main focus of this research. The ‘how question’ is a process 
issue, which is further discussed in section 2.4 below. 
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Table 2.2: Sustainable Construction Issues 
Key Theme Principal Issues 
Ec
on
om
ic
 su
st
ai
na
bi
lit
y 
1.0 Maintenance of high and stable levels of 
local economic growth and employment 
 
1.1 Improved project delivery 
 
 
1.2 Increased profitability & productivity 
 
 
 
 
 
 
 
 
 
1.3 Monitoring and reporting performance 
 
 
Improved productivity 
Consistent profit growth  
Employee satisfaction 
Supplier satisfaction 
Client satisfaction 
Minimising defects 
Shorter and more predictable completion time 
Lower cost projects with increased cost predictability 
Delivering services that provide best value to clients 
and focus on developing client business 
Company reporting 
Benchmarking performance 
2.0 Effective protection of the environment 
 
2.1 Avoiding pollution  
 
 
 
 
 
 
2.2 Protecting and enhancing biodiversity 
 
 
2.3 Transport planning 
 
Minimising polluting emissions 
Preventing nuisance from noise and dust by good site 
and depot management 
Waste minimisation and elimination 
Preventing pollution incidents and breaches of 
environmental requirements 
Habitat creation and environmental improvement 
Protection of sensitive ecosystems through good 
construction practices and supervision 
Green transport plan for sites and business activities 
En
vi
ro
nm
en
ta
l s
us
ta
in
ab
ili
ty
 
3.0 Prudent use of natural resources 
 
3.1 Improved energy efficiency 
 
 
 
 
 
3.2 Efficient use of resources 
 
 
Energy efficient at depots and sites 
Reduced energy consumption in business activities 
Design for whole-life costs 
Use of local supplies and materials with low 
embodied energy  
Lean design and construction avoiding waste 
Use of recycled/sustainability sourced products 
Water conservation 
Waste minimisation and management 
So
ci
al
 su
st
ai
na
bi
lit
y 
4.0 Social progress which recognises the 
needs of everyone 
 
4.1 Respect for staff 
 
 
 
 
 
 
4.2 Working with local communities and 
road users 
 
 
 
 
 
4.3 Partnership working 
 
 
Provision of effective training and appraisals 
Equitable terms and conditions 
Provision of equal opportunities 
Health, safety and conducive working environment 
Maintaining morale and employee satisfaction 
Participation in decision-making 
Minimising local nuisance and disruption 
Minimising traffic disruptions and delays 
Building effective channels of communication 
Contributing to the local economy through local 
employment and procurement 
Delivering services that enhance the local 
environment 
Building long-term relationships with clients 
Building long-term relationships with local suppliers 
Corporate citizenship 
Delivering services that provide best value to clients 
and focus on developing client business 
Contributing to sustainable development globally 
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2.4 TOOLS FOR SUSTAINABILITY IN THE CONSTRUCTION 
PROJECT 
Traditionally, construction projects are procured purely on an economic basis: lowest 
bid and competitive tendering. The shortcomings of this have led to an increasing call 
for a host of new and innovative procurement methods such as Strategic Partnering, 
Private Finance Initiative, Best Value for Money, Prime Contracting, and Design, Build, 
Finance and Operate. These procurement methods have facilitated the inclusion of 
social and environmental considerations in to the construction project delivery process 
(Gray, 2001). As a result, there are proliferations of tools for managing sustainability 
issues at project level. Recent review of these tools suggests over 700 tools are available 
(Sue-Mot, 2004a). The research found that, whilst there is a host of previous work in 
this area, few of the existing tools are inclusive and capable of simultaneously 
addressing the social, economic and environmental aspect of sustainability. Most tools 
have predominately focused on either economic or environmental and less on social 
dimensions the reason being that there is still some ambiguity surrounding the social 
aspect of sustainability. For clarity, this subsection provides a brief illustration of the 
existing work in this area under the triple dimensions of sustainable construction. 
2.4.1 ECONOMIC ASPECT OF SUSTAINABILITY 
Estimates of the value of the unplanned portion of the UK construction output ranges 
from £8-20 billion per annum (CBPP, 2004). Understandably, the industry’s overriding 
concern is low profit margin resulting from waste from over-design, unplanned and 
unexpected maintenance and refurbishment costs. The growing awareness of the high 
proportion of operation and maintenance costs compared to initial capital costs 
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throughout the life of an asset coupled with the popularity of new styles of contracts has 
prompted the need to view construction products holistically. As a result, many authors 
have highlighted whole life costing (HM Treasury, 2000; Spedding, 1994; Wong, 
2000). Hence, hosts of tools and models for life cycle costing exist (Sue-Mot, 2004b), 
however, most early work on such tools and models are based on discounted cash flow 
(Flanagan, 1989). Recently, the Highways Agency in partnership with TRL has 
developed two prototype tools. The first tool called ‘Network Whole Life Cost Model’ 
is used at a strategic level to aid the maintenance strategy and planning, and determine 
budget requirement and allocation on the basis of minimum WLC considering road 
users cost. While the second SWEEP used at programme level for scheme selection and 
prioritisation.  
 
The current EPSRC and EU funded project at Reading University, the Eurolifeform 
project focuses on a generic model for predicting Life Cycle Cost and Performance 
(LCCP), using a risk-based and probabilistic approach, whilst Salford and Robert 
Gordon Universities are developing n-dimensional models based on Object Oriented 
technology to accommodate the data requirements of whole life performance (Sue-Mot 
et al, 200b). The joint research at Reading and Dundee universities is looking at how 
Integrated Logistic Support, used in other industries could be adapted to the 
construction industry need. Previous reviews of these tools (Bartolomeo, 1999) suggest 
that most are project based, and have addressed specific macro-economic factors such 
as environmental and social costs, none provide the integrating mechanisms which 
allow an holistic economic view of the whole life costs and benefits of urban 
developments. To fill this gap, an ongoing research “SUE Mot project” at 
Loughborough, Dundee and Glasgow Caledonian Universities funded by EPSRC, aim 
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to develop a fully inclusive and multidimensional assessment and evaluation tool 
capable of addressing the social, environmental and economic issues at the core of the 
concept of sustainability. 
2.4.2 ENVIRONMENTAL ASPECT OF SUSTAINABILITY 
The construction industry is arguably one of the most resource-intensive and 
environmentally damaging industries in the world (Crossley, 2002). The industry’s 
environmental impacts are more tangible and readily quantifiable than many of the 
social and macro-economic impacts of the built environmental. As a result, most work 
has focused on developing guidance and assessment tools for reducing environmental 
impacts such as resource use, ecological loading, health impacts and so on. The 
majority of the tools are based on LCA (life cycle assessment) and focused exclusively 
on environmental issues and to a lesser extent on other aspects of sustainability. 
Extensive reviews of over 200 tools can be found in Sue-Mot (2004c; 2004d) and 
Bourke (2005). Typical examples of building and civil engineering assessment tools are 
described below. 
 
• BREEAM (Building Research Establishment Environment Assessment Method) 
covering offices, retail, industrial, bespoke projects and home called EcoHomes. 
• LEED (Leadership in Energy and Environmental Design) rates the 
environmental aspects of a building and the occupants behaviours.  
• SpeAR (Sustainable Project Appraisal Routine) developed by ARUP for quick 
review of the sustainability of projects, plans, products and organisations.  
• Sustainability Checklist for Developer for large mix use projects.  
 CHAPTER 2: REVIEW OF RELATED WORK 
 27 
• ENVEST (ENVironmental ESTimator software) assesses the life cycle 
environmental impacts of a proposed building and explores various design 
options. 
• CEEQUAL (Civil Engineering Environmental Quality Assessment and Award 
Scheme) assessing the environmental quality of civil engineering projects. 
• RESUS (Recycling and Sustainability in civil engineering) is a web-based 
decision support tool developed to assist those working in civil engineering 
project. The tool helps to assess ISO 14001 requirements, aid road infrastructure 
specification and database of recycled materials and sustainable process. 
 
Most recent related work suggests that these existing tools are neither designed to 
inform strategic decision-making nor facilitate the assessment of all the dimensions, 
scales and levels within a decision-making risk framework. As part of the sue-Mot 
project, extensive review of the existing toolkits, metrics and model has been conducted 
(SUE-Mot, 2004c). According to the research, the existing tools can be characterised 
into four topology; urban planning, design, rating systems (for building), LCA tools and 
infrastructure. One of the major findings of the research is that, of these the most 
developed as sustainability tools are urban planning and ratings systems, whilst the 
LCA tools only covers particular aspects of sustainability but are not holistic in their 
approach and the design tools are generally specific to energy issues.   
2.4.3 SOCIAL ASPECT OF SUSTAINABILITY 
The social aspect of sustainability is notably the most difficult and as a result there are 
very few tools available in the construction industry. The construction industry is often 
described as a ‘People business’ because of its reliance on the knowledge of its 
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workforce and organisational culture to achieve its strategic goal. Nonetheless, the 
industry is renowned for its long history of paying lip service to the importance of 
people. The backlash of this practice has been well documented in various studies. 
Several previous works have stressed the importance of effectively dealing with people 
issues such as safe working environment, training and development, respect for people, 
community engagement and partnership working (Latham, 1994; Egan, 1998; CIRIA 
C563, 2001). Despite this, the industry still lags behind many industries in dealing with 
people issues effectively (Sue-Mot, 2004b). For instance, according to the HSE, the 
number of fatalities in the industry compared to other industries is on the increase and 
the CIB surveys, forecasts substantial future skills shortages due to the industry failure 
to attract new talents, ageing workforce and under investment in training and 
development. Though a number of research institutions such as CIB Task Groups and 
Working Commissions, Rethinking Construction and others researchers have attempted 
to address the people issues in the industry. Most efforts have only focused on a single 
issue such as health and safety, stakeholders’ engagement, training and development. 
Only a few have looked at the aggregation of issues that constitute the social aspect of 
sustainability. The most recent of these is Rethinking Construction’s ‘Respect for 
People’ working group. The working group has launched a comprehensive framework 
(M4I, 2002) with relevant toolkits covering six areas: equality and diversity in the 
workplace, working environment, health and safety, training, work in occupied 
premises and workforce satisfaction. 
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2.5 FRAMEWORKS FOR MANAGING SUSTAINABILITY 
ISSUES 
The common threads emerging from numerous work in the subject area is that, 
sustainability requires new strategic initiatives, which go beyond mere compliance to 
the minimal standards of health and safety regulations and environmental legislations. It 
demands proactive strategy with the highest standards of corporate citizenship. To 
achieve sustainability management practice, it is imperative that the traditional 
economic-based management systems are combined with both the environmental and 
social management systems. Consequently, a number of sustainability management 
frameworks have been proposed. There are probably more than one hundred 
frameworks for sustainable business strategy. However, the majority of these lack a 
sound theoretical base, effective change management and completeness. The three most 
common in the industry are: The Natural Step (TNS), Sustainability – Integrated 
Guidelines for Management (SIGMA); and Managing Sustainable Companies (MaSC). 
They all have advantages and disadvantages. Whilst the MaSC framework is less 
comprehensive and lacks the effective change management required to achieve the 
organisation cultural change needed to facilitate corporate sustainability. The TNS and 
SIGMA frameworks, although very powerful, are resource intensive to implement and 
require experts supports, as a result, their usage is most common with the multinational 
companies (e.g. BP, Shell, Interface, IKEA etc) and very little used within the 
construction industry. These demonstrate the need for a self-assessment tool to 
compliment the existing tools for the construction industry, which breakdown the 
strategic and management issues into a manageable components. This will enable 
companies to focus on individual areas and identify actions needed to facilitate change. 
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The problem is that such a tool is virtually non-existent, hence the need for and novelty 
of this EngD research. For brevity, this review provides a brief description of the above-
mentioned frameworks. 
2.5.1 THE NATURAL STEP 
The Natural Step (TNS) was developed in 1989 by Swedish oncologist, Karl-Henrik 
Robert (Robert, 1997a; 1997b). TNS provides one of the most coherent scientific and 
most powerful frameworks for sustainability. It is based on the argument that 
fundamental scientific laws such as the laws of thermodynamics and other physical and 
natural laws impose certain non-negotiable limits upon human activities (Nattrass and 
Altomare et al, 2001). Therefore, business and society as a whole must recognise and 
operate within these limits to safeguard the existence of mankind. TNS is an educational 
vehicle to help develop a shared mental model about sustainability. The framework is a 
strategic planning tool, useful for decision making, planning, training and very 
compatible with most of the existing tools and methodologies for achieving 
sustainability. TNS is neither a prescriptive nor a definitive implementation strategic 
tool. Its main advantage is that it is not prescriptive and gives companies the freedom to 
figure out themselves how to achieve the goal. Also, it complements most existing 
management frameworks and can be easily integrated into a formal management system 
such as an environmental management system (Burns, 1999). However, the weakness is 
the lack of definitive implementation steps, which is compounded by lack of sufficient 
access to information to make decisions. Previous work on the usage of TNS suggests 
the existence of a relatively little written material to assist corporations in implementing 
the framework, and limited, albeit growing, expertise outside of the corporations using 
it on how to effectively work with the framework (Nattrass and Altomare, 2001). This 
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account for the reason why the use of TNS has been limited to the multinational 
corporations (BP, Shell and etc.) and a few major construction players such as Carrillion 
plc. 
2.5.2 THE SIGMA 
The SIGMA (Sustainability – Integrated Guidelines for Management) framework was 
jointly developed by the British Standards Institution (BSI), Forum for the Future (a 
leading sustainability charity and think-tank) and AccountAbility (the international 
professional body for accountability) and funded by the UK Department of Trade and 
Industry (DTI). The framework is an integrated system, which comprises (SIGMA, 
2003): 
• five guiding principles (natural, social, human, manufactured and financial 
capitals) to help organisations understand sustainability and their contribution to 
achieving a sustainable society; 
• a management framework that aids a corporate sustainability implementation 
process. It is structured into four phases (leadership and vision; planning; 
delivery; and monitor/ review/ report) and several sub-phases; and 
• A series of toolkits and case studies to aid the implementation process. 
 
The SIGMA framework is very comprehensive and unique because it serves both as an 
educative tool as well as management guidelines. The framework can be implemented 
either as a standalone or build on existing management systems such as ISO 14001, 
Investors in People, the ISO 9000 series, OHSAS 18001, AA1000 and so on. It provides 
flexible and workable solutions that can be implemented across a wide range of sectors, 
types of organisation and functions. The main shortcoming is the complexity of the 
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implementation procedure. The stack of information and documentation required for 
those tasked with implementing the framework is simply unsustainable, hence the 
raison d'être for its lesser use in the construction industry. This assertion formed one of 
the major findings of the workshop attended by construction practitioners and 
academics, which was organised at Loughborough University, as part of the Sue-Mot 
project. 
2.5.3 THE MASC 
The Managing Sustainable Companies (MaSC) framework was funded by DTI and 
developed through a group of research consortium including BRE, Cambridge Architect 
Research and Eclipse Research Consultants, CIOB, Construction Research 
Communications and WSP Group (MaSC, 2002). The MaSC framework was purposely 
developed for the construction industry and tailored to suit the needs of the industry. 
The framework is a very simplistic process, structured around a series of activities to 
help construction companies build an in-house capacity in managing their companies 
more sustainably. The framework involves ten steps with accompanying tools to aid the 
process as follows. 
• Gauge your organisation level 
• Nominate a champion to develop a business case 
• Set up a small team to develop strategy 
• Appoint line manager(s) 
• Line manager gauges the current level of each of the business sub-sections 
• Arrange awareness raising for in-house staff 
• Set up small teams to map and reconfigure specific areas of business operations 
• Provide induction and in-service training on sustainable construction for all staff 
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• Arrange awareness-raising events for members of supply chain and clients 
• Set up procedure to monitor, review and report progress 
 
The main advantage of this framework is, it conforms to the 'no nonsense’ type of tools 
common within the construction industry. Its simplicity makes it more appealing to the 
construction companies especially the SMEs that form the majority of the industry. The 
main weakness, however, is that it is less comprehensive, incomplete and fails to 
account for the cultural and governances changes required to achieving corporate 
sustainability. The process does not involve pre-stakeholders engagement, albeit post-
stakeholders engagement, to contribute to the strategy development. This reinforces the 
common practices and perception within the industry that sustainability is an add-on to 
existing business process. 
2.6 TIMELINESS AND NOVELTY OF ENGD RESEARCH 
It is a general consensus that the construction industry has a major role to play in 
achieving sustainability. The UK Government has challenged the industry to take the 
lead. The key themes for action by the industry are described in the UK strategy for 
more sustainable construction, ‘Building a Better Quality of Life’. Several voluntary 
initiatives, legislations, regulations, economic instruments and fiscal measures are being 
used to prod the industry in achieving more sustainable construction. Despite all these, 
the construction industry is still under performing on all aspects of sustainability. The 
recently established Sustainable Construction Task Group, now renamed Sustainability 
Forum, and Construction Excellence has been charged by the DTI’s Construction Sector 
Unit to investigate and make recommendations on improving take up of sustainable 
development with the construction industry. The willingness of the EPSRC and RCS to 
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invest in research to develop a practical and easy to use tool, which aids the 
implementation, integration and management of sustainability issues at the strategic 
level and promotes wider uptake of the concept in the construction industry bears 
witness to the priority accorded to this area both by the industry and the government. 
Previous sections (the background information and justification of research in Chapter 
one, and the review of related and previous works in the subjected area within this 
second chapter) have established the need for and novelty of this research. The main 
output of this research is a web-based self-assessment prototype tool that helps 
construction companies identify gaps in their corporate sustainability implementation 
efforts, focusing attention on areas for improvements, benchmark their performance 
with peers and the construction industry as a whole. This tool is one of its kind in the 
industry and hence the uniqueness of the EngD research. 
2.7 SUMMARY 
This chapter has reviewed previous and related work in the subject area, though by no 
means exhaustive but serves to demonstrate the fragmented nature and complexity of 
the problem. The review focuses on the concept of sustainable development, albeit more 
emphasis on sustainable construction, tools for managing sustainability at the project 
levels and frameworks for sustainability management. The chapter also demonstrates 
the timeliness and novelty of the EngD research. 
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3  CHAPTER 3: RESEARCH METHODOLOGY 
3.1 INTRODUCTION 
The effect of research methodology on the possible outcome of any research endeavour 
can never be overemphasised. The success and validity of any research critically 
depends on the appropriate selection of research methods (Steele, 2000; Fellows and 
Liu, 2003). This chapter discusses the research design and methodology including their 
strengths and weaknesses and highlights the general approach to the EngD research. 
The choice of research methodology and the reasons for its selection are also provided 
and mapped out against research objectives and associated tasks along with research 
output in Table 3.4. 
3.2 REVIEW OF RESEARCH METHODS 
Research design is the logical sequence that connects the generated empirical data to the 
initial research objectives of the study and ultimately to its conclusions (Yin, 1994). 
There is a wide range of research methods and each can be used to elicit a specific type 
of information or combined to support and compliment one another (Kane, 1977; 
Frankfort-Nachmias, 1996). The review of research methodology indicated that opinion 
on the number of data collection methods ranges from five to seven. Yin (1994) 
suggested the following five: experiment, case study, survey, archival analysis and 
history. Steele (2000) argued the inclusion of two more methods, which are action 
research and process modelling. These various data collection methods fall into two 
classical and distinctive epistemological positions, which are qualitative and 
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quantitative research methods. The combination of the two approaches is termed 
triangulation. This section provides a brief description of these research methods. 
3.2.1 QUANTITATIVE RESEARCH 
Quantitative research is objective in nature (Naoum, 1998). It is defined as ‘an inquiry 
into a social or human problem, based on testing a hypothesis or theory composed of 
variables, measured with numbers, and analysed with statistical procedure to determine 
whether the hypothesis or theory hold true’ (Creswell, 1994). According to Brannen 
(1992), quantitative research is concerned with attitudes and large-scale surveys rather 
than simply with behaviour and small-scale surveys. The three types of quantitative 
research are experiments, quasi-experiments and surveys (SJI, 1999). The effectiveness 
of the selected types depends mainly on the nature of the research. The survey technique 
is the most widely use method in social science and also the most relevant to this study. 
It typically involves cross-sectional and longitudinal studies using questionnaires or 
interviews to collect large amount of data. The most common of this technique are mail, 
personal and telephone survey (OWBC, 2001). Table 3.1 collates the advantages and 
disadvantages of these three survey methods. 
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Table 3.1: Advantages and Disadvantages of Survey Methods 
Types of Survey Advantages Disadvantages 
Mail survey • Cost is low compared to other methods 
• High degree of respondents 
anonymity 
• Wide geographical reach 
• Relatively low cost of   processing 
• Low rates of response 
• Require easily understood 
questions and instructions 
• Lack of chance to probe for 
further or clarity of answers 
• Greater respondents bias 
• High uncompleted questions  
Personal survey • Allows high flexibility in the questioning process 
• Interviewers have control of the 
interviewing situation 
• High response rate 
• Possibility of collecting 
supplementary information 
• Higher cost than mail 
questionnaire 
• Potential interviewers bias due to 
high flexibility 
• Lack of anonymity; hesitant to 
disclose personal data 
• Time consuming 
Telephone 
survey 
• Moderate cost 
• Increase speed and time of data 
collection 
• High response rate 
• Increase quality of data 
• Hesitancy to discuss sensitive data 
on phone 
• High chance of respondents 
terminating interview earlier 
• Less chance for supplement 
information 
 
3.2.2 QUALITATIVE RESEARCH 
Qualitative research consists of detailed descriptions of events, people, interactions and 
observed behaviours (Patton, 1992) and general opinion. It seeks to describe and 
explain both perspectives and behaviour of the people studied (Brannen, 1992). 
Information gathered in qualitative research can be classified under two categories, 
namely exploratory and attitudinal research (Naoum, 1998). Exploratory research is 
used when the researcher has a limited amount of knowledge about the research topic. 
The purpose is closely linked with the need for a clear and precise statement of the 
recognised problem. Attitudinal research, on the other hand, is used to subjectively 
evaluate the opinion of a person or a group of people towards a particular attribute, 
variable, factor or a question. According to Hancock (1998), the main examples of 
methods of collecting qualitative data are individual interviews, focus groups, direct 
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observation and case studies. There are several advantages as well as disadvantages 
involved in using a qualitative research method. Among various advantages are, it 
facilitates in-depth study, produces overwhelming detailed information with a smaller 
number of people and provides a great understanding of the topic under study. A few 
examples of weakness are, it takes a great deal of time to collect data and the analysis 
requires some degree of interpretation, which may be subjected to bias and subjectivity. 
The comparison of both qualitative and quantitative research epistemology has been 
tabulated in Table 3.2. 
3.2.3 TRIANGULATION 
Combining both quantitative and qualitative research methods has proven to be more 
powerful than a single approach (Sherif, 2002) and very effective (Lee, 1991). 
Triangulation is a process of using more than one form of research method to test a 
hypothesis (Brannen et al, 1992). This approach offers researchers a great deal of 
flexibility; whereby theories can be developed qualitatively and tested quantitatively or 
vice versa. The main aim of using triangulation method is to improve the reliability and 
validity of the research outcomes. Brannnen (1992) drawing on the work of Denzin 
(1970) argued that triangulation means more than just one method and data collection 
but also includes investigators and theories. He then outlined four different types of 
triangulation as follows.  
• Multiple methods: can be a triangulation between methods and within methods.  
• Multiple investigators: that is research is undertaken through partnership or by 
teams instead of a single individual.  
• Multiple data sets- the gathering of different sets of data through the use of the 
same method but at different times or with different sources.  
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• Multiple theories: can be used in a single research. 
 
Table 3.2: Comparison Between Qualitative and Quantitative Research 
Point of comparisons Qualitative Research Quantitative Research 
Alternative labels Constructivist, naturalistic-
ethnographic or interpretative. 
Positivist, rationalistic or 
functionalist. 
Scientific explanation Inductive in nature Deductive 
Data classification Subjective Objective 
Objective/purpose To gain understanding of 
underlying reasons and 
motivations. 
 
To provide insight into the 
settings of a problem, generating 
ideas and /or hypothesis for later 
quantitative research. 
 
To uncover prevalent trends in 
thought and opinion. 
To quantify data and generalise 
results from a sample to the 
population of interest. 
 
To measure the incidence of various 
views and options in a chosen 
sample. 
Sample Usually a small number of non-
representative cases. 
 
Respondents selected to fulfil a 
given quota or requirement. 
Usually a large number of cases 
representing the population of 
interest. 
 
Randomly selected respondents 
Data collection Participant observation, semi-and 
unstructured interview, focus 
groups, conversation and 
discourse analysis. 
Structured interview, self 
administered questionnaires, 
experiments, structured observation, 
content analysis / statistical analysis 
Data analysis Non-statistical Statistical usually in the form of 
tabulations. 
 
Findings are conclusive and usually 
descriptive in nature 
Outcome Exploratory and / or investigative. 
 
Findings are not conclusive and 
can not be used to make 
generalisations. 
Used to recommend a final course of 
action. 
 
3.3 ADOPETED RESEARCH METHODOLOGY 
There is neither a fast rule to selecting research methods nor best research method, as 
the use of each research method depends on the form of research question, the research 
objectives and contextual situation (Yin, 1994). The selection of the most suitable 
research method depends largely on the intention of the research objectives and the type 
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of data needed for the research. Because of the broad scope of the study and the 
industrial context of the research, a wide range of research techniques was adopted to 
achieve the research aim and objectives. To aid the selection process, Yin (1994) 
mapped out several research strategies against various possible situations as collated 
Table 3.3 below. 
 
Table 3.3: Different Situations for Research Strategies (Yin, 1994 pp 6) 
Strategy  Form of research 
question 
Required control 
over behaviour 
events 
Focus on 
contemporary 
events 
Action research Who, what, why, how many, how much? Yes/No Yes 
Case study How, why? No Yes 
Survey Who, what, where, how many, how much? No Yes 
Archival analysis Who, what, where, how many, how much? No Yes/No 
Modelling Who, what, how many, how much? No Yes/No 
History How, why No No 
Experiments How, why Yes Yes 
 
3.3.1 METHODS AND TOOLS USED 
This subsection discusses the overall research methods used for the study and justifies 
the reasons for using them. Table 3.4 presents the research road map. The table maps 
the research phases with the research objectives and tasks as well as the various research 
methods adopted.  In addition, the table indicates the main research outputs, which 
consist of publication papers (albeit, excluding the internal reports for the sponsoring 
company- RCS) part of MSc dissertation (completed at the end of the first year in 
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2002), assessment model, a prototype software application and lastly the EngD thesis. 
Further information as regard to the research undertaken and outcomes are elaborated in 
Chapter 4.  
3.3.1.1 ARCHIVAL ANALYSIS 
There is a wealth of literature on the concept of sustainable development and 
sustainable construction but to a varying degree of quality. The review of literature was 
extensively and critically undertaken throughout the study to build up a solid theoretical 
base for the research area and a foundation for addressing the problems and achieving 
the research objectives. Archival analysis is the most efficient, effective and cheapest 
method for gathering the existing wealth of literature on the subject matter to form a 
thorough understanding of the concept of sustainable development and sustainable 
construction. The review helped to identify gaps in knowledge and formed the basis for 
developing the framework to aid the implementation of sustainability issues at the 
strategic level. Information was sought from various sources including industrial and 
academic publications, institutions and university databases, the Internet, seminars, 
workshops and conference notes attended. Moreover, information and knowledge was 
also gained by attending relevant courses.  
3.3.1.2 CASE STUDY 
In relevant literature, opinion on what constitutes a case study varies (Beatham et al, 
2003). Case study is an empirical (Blimas, 2001), in-depth and multifaceted inquiry 
(Orum et al., 1991) that seeks to elucidate the dynamics (Eisenhart, 1989; Stoecker, 
1991) of a single contemporary social phenomenon (Orum et al., 1991; Yin, 1994). It is 
a detailed investigation to analyse the variables relevant to the subject under study (Key, 
1997). A case study may combine a variety of data collection methods and research 
Sustainable Construction: A Web-based Performance Assessment Tool 
42 
strategies (Fellow and Liu, 2003). It differs to other qualitative research studies in the 
sense that the focus of attention is on individual cases as opposed to the whole 
population of cases (Ruiker, 2004). The individual case is chosen on the basis that they 
are representative of a sample group that can be used to demonstrate particular facets of 
topic of research (Beatham, 2003). Whilst most studies look for what is common and 
pervasive, in the case study the intent may not be generalisation but rather to understand 
the particulars of that case in its complexity (Key, 1997). Akin to most qualitative 
methods, case study is time consuming. As a result, data is collected from a smaller 
number of samples than would normally have been the case using a quantitative 
approach such as questionnaire survey (Ruiker, 2004). The main advantages of a case 
study include richness of data and deeper insight into the phenomena under study 
(Hancock, 1998). Case study approach was used for Tasks 11, 12 and 13  (see Table 
3.4) to collate data from many construction companies (and beyond) and experts in the 
field of sustainability.  
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Table 3.4: Research Road Map 
PROJECT AIM:  
“To develop a framework to aid the implementation, integration and management of 
sustainability issues at the strategic level and promote wider up take of the concept in the 
construction industry” 
PH
A
SE
 
OBJECTIVES TASKS 
M
E
TH
O
D
S 
OUTPUT 
1. A review of related research in the field 
 
2. Review of historical context of sustainable development, 
how it is understood and defined by various groups and the 
key drivers of the concept. 
3. Investigate the root cause of the current poor progress in 
terms of its practical application of the concept. 
1.  
Investigate the 
concept of sustainable 
development and the 
UK strategic approach 
4. Review and analysis of UK Government’s measures to 
achieve sustainability and their implications on businesses. 
AA 
 
 
 
 
 
Paper 1 
Paper 2 
 
 
5. A review of the themes of sustainable construction – the 
application of sustainable development to the construction 
industry – and the impact of the industry on sustainability. 
6. Review of the principle of sustainable construction – 
environmental, social and economic sustainability. 
7. Review of the drivers, barriers and business case for the 
attainment of sustainable construction. 
2. 
Identify its application 
to the construction 
industry and progress 
in its uptake 
8. Prepare a detailed survey questionnaire to undertake a 
baseline review of the UK construction contractors’ 
engagement with the concept of sustainable construction. 
AA 
S 
 
 
 
 
 
 
 
 
Paper 3 
 
 
Part of  
MSc. Thesis 
9. Gauge the industry level of response to the emerging 
concept of sustainable construction. 
10. Review of management framework for promoting and 
implementing corporate sustainability.  
11. Collate case studies from successful organisations to 
establish factors for successful integration of sustainability 
issues at the strategic level. 
12. Establish the conditions, strategies and approaches for 
successful integration of sustainability issues in the supply 
chains within the construction industry. 
3. 
Examine frameworks 
for managing, 
monitoring and 
reporting on corporate 
sustainability 
 
 
13. Examine case studies examples of practical 
sustainability issues within construction industry and beyond 
and develop a checklist of practical issues for sustainability.  
AA 
 
CS 
 
S 
 
 
 
Paper 4 
 
 
 
 
 
 
 
 
 
 
Paper 5  
 
 
 
Assessment 
Model 
14. Develop and evaluate a self-assessment model for 
implementing and managing corporate sustainability in the 
construction industry. 
15. Design and develop a prototype self-assessment software 
for implementing and managing corporate sustainability in 
the construction industry. 
-----------IN
V
E
ST
IG
A
T
IO
N
------------------------SY
N
TH
E
SIS------------------------------A
PPL
IC
A
T
IO
N
--------------------------
4. 
Develop and evaluate 
an assessment model 
and a prototype 
software for managing 
sustainability issues at 
the strategic level 
16. Evaluate a prototype application  
 
 
S 
 
RAD 
 
 
Paper 6 
(abstract) 
Paper 7 
(abstract) 
 
Prototype 
Software 
Application 
 
EngD. Thesis 
      Key:  
        AA: Archival Analysis        CS: Case Study       S: Survey       RAD: Rapid Application Development 
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3.3.1.3 SURVEY 
Survey is one of the most widely used methods in social sciences to provide a 
representative sample of the area of study and serves as an efficient and effective means 
of looking at a far greater number of variables than is possible with experimental 
approaches (Galiers 1992). It involves eliciting information from respondents which can 
be achieved through postal questionnaires, telephone interviews and personal 
interviews. Survey research normally deals with studies on how people perceive and 
behave and its purpose is to determine how these variables are related. Several survey 
methods used during the course of the EngD study are detailed below. 
 
Questionnaire: is a self-administrated measuring instrument comprising closed-ended 
(respondents choose from a given set of answers) and/or open-ended questions 
(respondents record their views and opinion in full). The accuracy and success of 
questionnaire surveys largely depend on the careful design of its content, structure and 
the response format. Hence, certain precautions must be taken in designing 
questionnaires (Hoinville and Jowell et al, 1978): the questions must be clear and easily 
understood by the respondents; should be easy to be administer by the interviewer; the 
recorded answers can be easily edited, coded and transferred onto a computer file for 
statistical analysis; and its flow, length and structure must motivate respondents to 
complete the questionnaire. The traditional form of this is a postal questionnaire but the 
use of electronic mailed questionnaires over posted questionnaires is gaining 
momentum due to the increased speed and lower cost. Survey questionnaire was used 
for Tasks 9 (gauge industry), 14 (evaluate ConPass model) and partly for 16. A 
questionnaire was used for these tasks because it is efficient and effective in sampling a 
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large audience scattered over a wide geographical area. Also, it is a relatively 
inexpensive data collection and processing method. 
 
Interview: can be conducted face-to-face, telephone or group interview using 
structured, semi-structured and/or unstructured questions to elicit answers pertinent to 
research hypothesis from the respondents. According to Patton, (1980) there are four 
types of interviews, namely informal conversation, interview guide approach, 
standardised open-ended and closed quantitative interviews. These can be grouped into 
three types as shown in Table 3.5. At various stages of the research, telephone, face-to-
face, and group interviews were used as explained below: 
 
Table 3.5: Type of Interviews (adopted from Coomb, 1999 cited in Sherif, 2002) 
Type Characteristics 
Structured Wording of the questions and the order in which they are asked is the same from 
one interview to another. Respondents are expected to choose an answer from a 
series of alternatives given by the interviewer. 
Semi-structured Interviewer asks certain major questions the same each time, but is free to alter 
their sequence and probe for more information. 
Unstructured Interviewer prepares a list of topics that they want the respondent to talk about, 
but is free to phrase the questions as they wish, ask them in any order that seems 
sensible and even join in conversation by discussing what they think of the topic 
themselves. 
 
• Telephone interviews (semi-structured): were used at the initial investigation phase 
of the research for Objective Two to explore the construction industry’s wider 
understanding and general perception of the concept of sustainable construction. The 
reason for using this form of research method as opposed to questionnaire was to gain 
the advantages but avoid the disadvantages (low response rate and ‘too busy excuses’ 
common in the industry) inherent with using questionnaire. Other reasons were to 
reach a wider audience, generate quick and high response rate, and identify samples for 
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further in depth face-to-face discussion. However, the main weakness is the cost 
involved. 
 
• Face-to-face interviews (semi-structured): semi-structured interviews were used at 
various stages of the research to confirm previously identified issues from the literature 
reviews and elicit new sources of information. Specifically to pilot the questionnaire 
developed in Task 8, confirm previously identified issues from literature review and 
elicit new information for Task 11, 12 and establish system design requirements for 
Task 15. The reason for the choice of method was because it is most suitable for 
collecting comprehensive and detailed information from a small number of people or 
organisations. Also, it allows free flow of information and maximum participation of 
the interviewees.  
 
• Focus group: is fundamentally a form of group interview. This involves a group 
discussion on a predetermined topic, which is instigated by a researcher who usually 
acts as a moderator or facilitator (Morgan, 1998). Throughout the research period the 
researcher was a member of various focus groups including: Sustainability/ 
environmental focus group tasked to implement sustainability issues within RCS; 
Business improvement focus group tasked to identify areas of improvement and 
develop best practice guides for RCS; and sustainability in the built environment 
research group (eight researchers within the Civil and Building Engineering 
Department, Loughborough University to share ideas and discuss research findings). 
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3.3.1.4 RAPID APPLICATION DEVELOPMENT 
The final part of the EngD project involved the design and development of a prototype 
web based software for implementing and managing sustainability issues at the strategic 
level. There are several systems development methodologies and deciding on the most 
appropriate method is not a trivial task (Owolabi, 2004). According to Avison and 
Fitzgerald (2003), there are over twenty different systems development methodologies, 
for example Rationalised Unified Process, Extensive Programming, Reflective Systems 
Development and so on. The review of various software development methods and 
informal discussion with three software developers (two from the sponsoring 
organisation and one at Loughborough University provided a strong case for the 
selection of rapid application development (RAD). Also, time constraints and successful 
use of RAD by various researchers within the department (most recently Ruiker, 2004) 
are other reasons for adopting RAD. RAD is an iterative process (as depicted in Figure 
3.6). It allows faster development of application software (Webopedia, 2004), which is 
undertaken through several iterative stages (Ruiker, 2004; Whatis, 2000): 
 
• gathering end-user requirements from qualitative methods such as case studies and 
focus group; 
• prototyping and early iterative user-testing of designs; 
• a rigidly paced schedule that defers design improvements to the next product version; 
and 
• less formality in reviews and other team communication that runs in parallel to the 
software development process. 
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Figure 3.6: RAD using Iterative Prototype (Adapted from Maner, 1997 cited in Ruikar, 2004) 
3.4 SUMMARY 
This chapter has reviewed the available research methodologies along with their 
advantages and disadvantages. It discussed the adopted methods for the EngD project 
and justified the reasons for their selection. Combinations of methods are adopted to 
enable an in depth study of the sustainability phenomenon, which helped to achieve the 
research aim and objectives as summarised in the Research Road Map in Table 3.4. The 
next chapter outlines the research work undertaken and outcome using the adopted 
research methods. 
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4 CHAPTER 4: RESEARCH UNDERTAKEN AND 
RESULTS 
4.1 INTRODUCTION 
This chapter describes the research undertaken to meet the aim and objectives of the 
EngD and highlights the main results of the research. To avoid repetition and 
duplication of efforts, references are made to the relevant papers and other information 
in the appendix.  
4.2 SUSTAINABLE DEVELOPMENT AND THE UK 
GOVERNMENT APPROACH 
The preliminary phase of the research (Objective One) investigated the concept of 
sustainable development and the UK strategic approach. This research phase was 
achieved through deductive reasoning combined with extensive and critical reviews of a 
large body of literature, attendance of seminars and workshops, internet discussion 
forums and expert focus group approach. These helped to build up a theoretical 
background to the subject area, provided a foundation for achieving the research aim 
and insight into many of the major issues concerning the concept of sustainable 
development. For brevity, the research undertaken and outcomes of this research 
objective are collated in the Table 4.1.  
 
The concept of Sustainable Development has attracted major interest since the 
publication of the Brundtland Report ‘Our Common Future’ in 1987 and has become a 
commonplace term since the Earth Summit Conference in 1992. Although the 
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Brundtland definition has made a major contribution in promoting the concept 
worldwide, there is still much confusion surrounding its meaning and hence the 
existence of multiple definitions. To clarify some of the misconceptions surrounding the 
concept, the research: examined the conceptual succession of sustainable development; 
reviewed the Brundtland Report to establish the central themes of the report; and 
highlighted the limitations of the current widely used model of sustainable 
development. It also collated and synthesised recent definitions of sustainable 
development to identify a common theme. Based on the premise that the spectrum of 
challenges of sustainable development are systemic problems that cannot be resolved 
with a reductionist approach, the research applied systems thinking to develop a more 
comprehensive model for the concept (see Paper 2 in Appendix B). 
 
At both global and national levels, several efforts have been made to marry the social 
and environmental challenges with economic growth, but progress remains remote. This 
research has investigated the root cause of the current poor progress, in terms of the 
practical application of the concept, and proposed a possible way forward (see Paper 1 
in the Appendix A). It has reviewed a large body of knowledge to develop a topology of 
challenges and drivers and a timeline of various attempts to promote the concept. It has 
examined the barriers and suggested a possible solution. The final task within this first 
objective involved a detailed review and analysed the UK Government’s approach to 
achieving the goal of a sustainable future and its implications on businesses. The 
outcome of this task was a contribution to the UK consultation in 2004 for the latest 
strategy published in 2005 (see Appendix F). The author was part of the team within the 
parent company (Balfour Beatty) that responded to the UK government consultation. 
This task involved a critical review of various UK sustainable development documents, 
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measures and initiatives, progress reports and organising workshop discussion groups 
within the Balfour Beatty Group.  
 
Table 4.1: Research Undertaken and Outcome for Objective One 
Results Research Undertaken 
Paper 1 
(see full paper in 
Appendix A) 
The barriers and possible solution to promote sustainable 
development 
 
Review related work in the field, explored the origin of the concept, the political 
agenda to promote sustainable development, the spectrum of challenges of 
sustainable development, review and analysis of various viewpoints on the 
concept. 
Paper 2 
(see full paper in 
appendix B) 
The application of systems thinking to the concept of 
sustainable development 
 
Explore the key conceptual successions of sustainable development, investigate 
the central themes of the Brundtland Report, explore the model of sustainable 
development, review various definitions of sustainable development. 
Contribution to 
UK consultation 
in 2004 
(see full response in 
Appendix F) 
The UK strategic approach to the concept of sustainability 
 
Critical review of various UK sustainable development documents, measures and 
initiatives, progress reports and workshop discussions 
 
4.3 SUSTAINABILITY AND THE UK CONSTRUCTION 
INDUSTRY 
This part of the research (Objective Two) focused on identifying the application of 
sustainable development to the construction industry and examined progress in its 
uptake. Both literature review and interviews (telephone and face-to-face) were used. 
The first part involved an extensive literature review on the themes of sustainable 
construction including definitions, issues, principles, drivers, barriers and benefits. 
Based on the premise that sustainability is a value concept underpinned by personal 
aspirations and ideals (Du Plessis, 2001), it was imperative to capture the industry’s 
wider understanding, perception and engagement of the concept. In view of this, the 
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second part of this study involved a rapid survey through telephone interviews to 
establish the meanings and values associated with the term sustainability and further 
explore the ways in which it was being applied in the construction industry.  
 
The interview was approached with a very loose structure to allow interviewees the 
freedom to express their organisational position in relation to sustainability issues. The 
agenda covered the topics of sustainability in general. In order for the data to be 
representative of the industry and to ensure that small, medium and large organisations 
were represented discriminate sampling was used. About eighty samples were short-
listed from the Institute of Civil Engineers’ database. The individuals responsible for 
sustainability issues or related activities in their organisations were initially approached 
via email to inform them about the context and content of the interview. Forty-two 
telephone interviews was conducted, the length of which varied between ten to thirty 
minutes depending on how far the company had gone down the route of sustainable 
construction. Through these literature review and telephone interviews a set of 
questionnaires and four research hypotheses (see Paper 4) were developed and refined 
through a pilot study.  
 
The third part of this research, involved detailed semi-structured interviews to confirm 
previous research findings and pilot the detailed survey questionnaire. Five of the most 
knowledgeable people (not surprising, they work for the top-three construction 
companies) from the telephone interviews were contacted but only three participated in 
the face-to-face interview. The other two were not able to due to time constraints. 
Collectively, the three components (literature review, telephone and face-to-face 
interviews) of the study helped to clarify the phenomenon of sustainable construction, 
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shed light on how sustainability issues were treated in the construction industry and 
offered explanations for differences in awareness, understanding and progress in its 
uptake. The main outcomes of the research are documented in the MSc dissertation, 
Paper 3 and detailed questionnaire, which are collated in Table 4.2 below. 
 
The main findings of the interview surveys indicated that the practical application of the 
concept had become a recurrent problem. There were still high levels of uncertainty on 
how to implement initiatives that would achieve the triple bottom-line objectives of 
sustainable construction. The survey indicated a significant gap in perception and 
understanding of the concept between SMEs and large construction firms. While the 
majority of the SMEs associated sustainability with environmental issues, the major 
construction players had a good level of general awareness of sustainability with a full 
range of initiatives both at project and strategic levels. The research suggested that the 
industry culture and its slowness to innovate, rigid specifications, financial pressures, 
clients unwillingness to fairly share burden, a general misunderstanding of the concept 
of sustainability and lack of clear guidance for implementation were major challenges to 
adopting more sustainable construction. There were views that sustainable construction 
would not become a genuine business concern until sustainability became a key 
business driver. The government needs to do much more and show leadership through 
their construction procurement strategy and demanding more transparency from 
companies, combined with more stringent environmental law. Furthermore, there was 
divergent of opinion on the benefit of sustainable construction. While the large 
construction firms believed that there were many benefits associated with sustainability 
and it made good business sense, small firms tended to regarded it as a burden and too 
expensive.  
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Table 4.2: Research Undertaken and Outcome for Objective Two 
Outcome Research Undertaken 
Paper 3 
(see full paper in 
Appendix C) 
Trends in the conceptualisation of corporate sustainability 
 
The paper explored the trends in the conceptualisation of corporate sustainability. 
It established the areas of consensus from the diverse definitions of sustainability, 
provided insight into the concept of corporate sustainability and developed a more 
robust conceptual framework for corporate sustainability. It drew on the scope of 
global and national policy instruments, the public awareness and the phases of 
business response to establish the future trend of corporate sustainability. It also 
reviewed various research conclusions relevant to the construction industry to 
show that the industry was moving towards a new paradigm and value 
perspective. 
Survey 
questionnaire 
 
Development of a detailed survey questionnaire 
 
The aim was to undertake a baseline review of the UK construction contractors’ 
engagement with the concept of sustainable construction. The questionnaire 
occupied ten sides A4 paper and the contents of which consisted of six sections 
namely background information, strategic response to sustainable construction, 
economic aspect of sustainability, environmental aspect of sustainability, social 
aspect of sustainability and linkage between sustainability and competitiveness. 
 
4.4 EXAMINATION OF FRAMEWORKS FOR MANAGING 
SUSTAINABILITY ISSUES 
One of the main implications of the research findings following the completion of 
Objective Two was the decision to concentrate on the larger construction companies, as 
it was apparent that these large organisations have already taken on some aspects of 
sustainability. This stage of the research (Objective Three) focused on examining 
management frameworks for managing, monitoring and reporting on corporate 
sustainability. The purpose of this study was to identify critical factors for successful 
implementation, integration and management of sustainability issues at strategic level. 
The first task of the research was an extension of Objective Two, involved the 
distribution and analysis of the questionnaire developed from the previous objective. 
Based on the premise that the major firms drive the industry forward by managing their 
supply chain, this part of the research focused on the top end of the construction 
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industry. The aim of the study was to undertake a baseline review of the UK 
construction contractors’ engagement with the concept of sustainability and to establish 
any possible correlation between the level of engagement with sustainability and 
turnover. Paper 4 documents the research hypotheses, content and structure of the 
questionnaire, measurement scales, sampling selection method, response rate, analysis 
of the survey data and main research findings. 
 
The second part of the research reviewed management frameworks for implementing, 
integrating and managing sustainability. It also collated case studies from successful 
organisations to establish factors for successful implementation, integration and 
management of sustainability issues at the strategic level. The main points of departure 
of this study were: What were the fundamentals that underscore the sustainability 
management systems provided by frameworks such as The Natural Step (TNS), The 
Sigma Framework, MaSC and others? What were the reasons for organisational failure 
and the key factors of success to achieving corporate sustainability? Based on the 
premise that sustainability requires profound change, were there any parallels between 
sustainability change and other change initiatives?  
 
The adopted research method for this study departed from pure inductive research 
epistemology akin to the grounded approach of Glasser and Strauss (1967), but 
conformed to the pragmatic approach of Turner (1981). This research involved the 
tentative deduction of the central concepts and constructs from literature review of 
frameworks as guides for subsequent inductive theory development through observation 
and documentation of how leading organisation and those directly involved in the 
embedment of sustainability principles at the core of their business processes. Aside 
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from the review existing frameworks, information was collated from several 
organisations within and beyond the construction industry (e.g. Balfour Beatty, Amec, 
Carillion, BP, Shell, Interface, etc.). Four sustainability managers within the 
construction industry were interviewed. The main research outcomes were the 
development of a road map of sustainability change management process, checklists of 
sustainability practices and the establishment of critical factors for successful 
implementation of integration of sustainability issues at the strategic level, which 
formed the basis of the ConPass Model (elaborated in Subsection 4.4). The main 
research findings are as follows: 
 
Inadequacy of existing framework  
Most of the existing frameworks focused mainly on process redesign but very little 
emphasis on changing the dominant mind set and behaviour pattern of the employees 
through cultural change initiatives and improving organisational learning capacity to 
embrace sustainability at the core of their everyday decision making (Doppelt, 2003). 
Even those few frameworks (e.g. SIGMA) with equal emphasis on changing thought 
pattern and behaviours were too complicated to implement. Complexity is an important 
factor that must be taken into account. The construction industry is currently going 
through many changes and there are already multiple initiatives that construction 
companies need to address. The majority of construction companies are already 
suffering from initiative overload. The additional complexity brought on by 
sustainability measures should be as low as possible. A key feature of a move towards 
more sustainable construction should be challenging, but practical and incremental 
objectives for change.  
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Sustainability, like other change initiatives, requires profound organisational change 
Profound organisational change is the combination of inner shifts in people’s values, 
aspirations and behaviours with outer shift in processes, strategies, practices and 
systems (Senge et al., 2002). In a profound change there is learning, which involves 
developing the capacity for doing things in a new way and continuous improvement. 
The study found that the attainment of sustainability required cultural change and 
continuous improvement. It was not enough to change strategies, structures and 
systems, unless the thinking that produced those strategies, structures and systems also 
changed. 
 
Main reasons for failure of change initiatives  
There are many references about the reasons for failures of change initiatives (Doppelt, 
2003; Senge, 2002; Dunphy, 2000). This research revealed that the main reasons 
included the following. 
• Not anchoring changes in the organisation culture and inability to plan and achieve a 
far-reaching culture renovation. 
• Lack of leadership commitment, clear guiding vision, planning, strategy and 
training. 
• Failure to involve key stakeholders and develop leadership capacity throughout the 
organisation. 
• Focus on treating symptoms and not deeper causes of the problem. 
• Treated as an add-on and isolated from the existing management system. 
• Most change management efforts build around compliance rather than commitment.  
• Failure to create short-term wins. Change initiatives are complex and take a long 
time to achieve; without short-term wins, most employees give up. 
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Conditions for successful change management 
There is no one-size fits formula for change. However, there are a number of key steps 
for successful transformation fundamentals (see Sustainability Change Management 
Process in the Appendix F) that must be tailored to the unique nature of each 
organisation for sustainability change management initiatives to succeed. These include 
the following. 
• Establish a sense of urgency through strong leadership commitment. 
• Organise sustainability transformation team. 
• Formulate a clear vision and guiding principles. 
• Develop operational and governance change strategies. 
• Training and education to anchor changes in the organisation culture. 
• Involvement and empowerment of employees to act on vision. 
• Plan for and creating short term wins. 
• External influence and collaboration. 
• Institutionalise strategy into all business functions. 
• Consolidate improvements and producing feedbacks. 
 
Examples of strategic practical actions 
Typical strategic practical actions towards more sustainable construction found in the 
case studies included the following.  
• Demonstration of continuous improvement and commitments to addressing 
economic, social and environmental impacts through adopting third parties 
certifications such as ISO 14001, ISO 9000, Investors in people (liP), RoSPA 
QSA (safety management system) and so on. 
 CHAPTER 4: RESEARCH UNDERTAKEN AND RESULTS 
 59 
• Development of sustainability vision, guiding principles, business case and 
embedment of sustainability strategy in the existing business strategy. 
• Focus on measured performance (e.g. energy, waste, biodiversity, community 
activities etc.) links to/demonstration of business benefit. 
• Join relevant benchmarking clubs to benchmark performance against peers and 
aim to be best in class. 
• Engagement with others and integration of sustainability issues in the supply 
chain. 
• Investments in training to raise employees’ awareness and encourage practical 
application and innovation.  
• Communication with stakeholders and production of sustainability report 
verified by third parties. 
 
Managing sustainability in the supply chain is important to achieving corporate 
sustainability. The final part of the research establishes the conditions, strategies and 
approaches for integrating sustainability issues in the supply chains within the 
construction industry. The adopted research methods were akin to the above research 
methods and the main research findings are documented in Paper 5 in Appendix E. The 
overall research outcomes are collated in Table 4.3 below. 
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Table 4.3: Research Undertaken and Outcome for Objective Three 
Outcome Research Undertaken 
Paper 4 
(see full paper in 
Appendix D) 
Sustainability and the UK construction – a review  
 
Based on the premise that the major firms drive the industry forward by managing 
their supply chain, the paper focused on the top end of the construction industry. 
The paper presented a snapshot of the construction contractors’ level of response 
to sustainable construction. 
Paper 5 
(see full paper in 
Appendix E) 
Sustainability in the supply chain: the construction industry’s 
perspective 
 
The study established the conceptual premise for successful SCM and SSCM and 
explored the tools and strategies for integrating sustainability issues in SCM 
within the construction industry. To achieve these, the research investigated the 
meaning, barriers and enablers, issues, tools and techniques, as well as the 
conditions for achieving successful SCM and SSCM. The study was grounded 
from the perspective of exemplar organisations with a proven track record in 
implementing sustainability issues in their organisations and related activities in 
the supply chain.  
Road map 
(see full detail in 
Appendix F) 
Sustainability change management process 
 
The road map shows the phase, objective, input and expected output of 
sustainability change management process. It also indicates people needed and 
the focus of each phase of the management process. 
Checklists of 
sustainability 
practices 
(see full detail in 
Appendix F) 
Checklists of practices for the construction industry towards the 
path of sustainability 
 
The checklists collated examples of areas for actions under three headings (P3): 
People, Project and Place. The People involved the industry key stakeholders 
such as clients, employees, suppliers/suppliers, community and organisational 
management. The Project involved design stage and construction phase as well as 
actions for marketing, purchasing functions. The Place involved actions for office 
and site. 
 
4.5 ASSESSMENT MODEL AND PROTOTYPE APPLICATION 
This part of the research (Objective Four) discussed the development and evaluation of 
the assessment model and prototype software for implementing and managing corporate 
sustainability at the strategic level. The prototype software is a self-assessment tool, 
which focuses on strategic and management issues, and breaks down the 
implementation, integration and management processes into manageable and easily 
digestible components. The objectives of the tool are to: 
• compliment the existing sustainability management frameworks;  
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• help construction companies identify gaps in their corporate sustainability 
implementation efforts and focus attention on areas for improvements;  
• gauge and benchmark performance with peers and industry as a whole; and 
• promote wider uptake of the concept in the construction industry. 
 
The following subsections present the development and evaluation of the self-
assessment model and web-based prototype software. 
4.5.1 DEVELOPMENT OF CONPASS MODEL 
The development of the self-assessment model was an accumulation of the previously 
discussed research objectives, which involved both qualitative and quantitative 
methods. This type of research methodology can also be referred to as triangulation 
method. Data analysis software packages such as SPSS and MS Excel for the 
quantitative data and NVivo (Bazeley and Richards, 2000) for qualitative data were 
used in analysing these sets of multiple data. Figure 4.1 illustrates the cumulative data 
input for the development of the model. At the core of this is Objective Three, which 
extensively drew on the existing literature on sustainability management strategy and 
collated case studies from successful organisations.  
 
Figure 4.1 Cumulative Data Input for the Development of ConPass Model 
Sustainable Development and 
the UK Government Approach
Sustainability and the UK 
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n
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The acronym ‘ConPass’ is derived from the overarching goal of the software 
(Sustainable Construction Performance Assessment Tool). The aim of this self-
assessment tool is to help construction companies to identify gaps in their corporate 
sustainability implementation efforts and focus attention on areas for improvements. 
The tool allows construction companies (i.e. Client, Consultant, Contractor, 
Subcontractor, Supplier and others) to: 
• gauge their sustainability performance; 
• benchmark their sustainability performance with peers; and 
• benchmark their sustainability performance with the construction industry as a 
whole. 
 
The synergies among various existing management processes and the examples 
provided by the leading organisations suggested that there are a number of key elements 
and sub-elements of successful transformation-fundamentals that must be adhered to for 
successful implementation, integration and management of organisational sustainability 
systems. Important to this are policy development and embedment, combining 
economic management systems with environmental and social management systems. 
The sustainability management systems must be treated as continuous improvement 
initiative. To gain credibility, it must be a logical extension of the organisational 
existing management systems, for examples third party certifications such as EMAS, 
quality, health and safety, and people development etc. In this respect, the ConPass 
Model comprises of four main elements and 36 sub-elements with four maturity levels 
namely: poor, average, good and excellent as depicted in Figure 4.2 below. The four 
elements of the model are policy development and embedment, environmental, social 
and economic management. According to Roberts (1995)‘if you cannot measure it, you 
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cannot manage it’. Important aspects of the assessment tool are statement indicators, 
self-rating scale and interpretation of results. 
 
Statement indicators are words and sentences that describe a state of behaviour or 
practice, which are employed to measure practices of a particular process (Sherif, 2002). 
Statement indicators provide two extremes of performing a process, namely either a 
good management process is in place or does not exist (Grant, 1999). The ConPass 
Model consists of one hundred statements spanning the thirty-six critical factors. The 
purpose of these is to establish the existence or non-existence of a good management 
process. 
 
Self-rating scale: a five point ‘Likert Scale’ to rate organisation practices and 
management process with respect to known best practices and documentations to prove 
the existence of a management system. This relies on the personal judgment of the 
respondents regarding the existence or non-existence and/or the extent of evidence of 
such organisational initiatives. In this respect, it is imperative that respondents are 
consistent, honest and realistic in their assumption when completing the assessment. 
Individual(s) with overall responsibility for sustainable construction in the organisation 
(e.g. Sustainability manager, environmental manager, health & safety manager etc.) 
must complete the assessment. The rating scales are as follows.  
 
1. No Evidence of positive initiative or result in this area. 
2. Very Little Evidence of positive initiative or result in this area. 
3. Some Evidence of positive initiative but progress is fleeting. 
Sustainable Construction: A Web-based Performance Assessment Tool 
64 
4. Strong Evidence of positive initiative but the challenge is keeping it going in the 
right direction. 
5. Very Strong Evidence of positive initiative and result in this area is best 
practice.  
 
Interpretation of results is based on the overall mean score of each of the four 
elements of the assessment (policy development and embedment, economic, social and 
environmental management), which involves four maturity levels: 
• POOR (mean score 2.4-1.0): Your organisation urgently needs to improve these 
aspects; 
• AVERAGE (mean score 3.4 – 2.5): Your organisation needs to address these 
issues; 
• GOOD (mean score 4.4 – 3.5): Your organisation has moderate capability and 
maturity but scope for improvements; and 
• EXCELLENT (mean score 4.5 – 5.0): Your organisation has high capability and 
maturity. 
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Figure 4.2: ConPass Assessment Model 
 
4.5.2 EVALUATION AND VALIDATION OF CONPASS MODEL 
The evaluation and validation of the model was achieved by means of responses of 
sustainability practitioners and experts in the field. The bases of evaluation and 
validation were effectiveness, applicability, usefulness, appropriateness, 
comprehensiveness, completeness and suggestion for improvement. This involved a 
presentation of the ConPass model and completion of a structured questionnaire using a 
five-point scale and open questions for comments on areas of improvement. 
Questionnaire document for evaluating the framework is included in Appendix F. The 
evaluation and validation was conducted in two phases. The first phase was conducted 
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in a workshop titled ‘Identifying value and social dimensions within sustainable 
construction’ organised at Loughborough University involving fifteen academics and 
researchers in the field of sustainability in the built environment. The second phase was 
conducted via interviews with six sustainability practitioners (i.e. sustainability 
managers, environmental managers) and/or people involved in sustainability issues 
within their companies. Prior to the interview, the participants were contacted via email 
explaining the scope and context of the evaluation. Four of the six participants were 
involved in the case interview in Section 4.3. The analysis of the evaluation is presented 
in Chapter 5. The respondents’ comments on possible improvements were useful in 
refining the model.  
4.5.3 DESIGN AND DEVELOPMENT OF CONPASS PROTOTYPE SOFTWARE   
The final part of the EngD project involved the design and development of a prototype 
web based software. As already discussed in Chapter 3 (subsection 3.3.14), an iterative 
process based on the Rapid Application Development (RAD) methodology of software 
development was used for the prototype software development. The following 
subsections present system requirements, system development, database design and the 
system working features. 
4.5.3.1 System requirements 
This subsection provides an overview of the system requirement, which consists of 
functional and non-functional design strategy, as well as, system software requirement. 
The gathering of the system requirements involved an informal discussion/interview 
with three software developers and two human-computer interaction experts with vast 
experience in developing software applications for the construction industry. Table 4.4 
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summarises the system requirements for the ConPass software. The system is a web-
based tool, which collects, stores, retrieves and analyses data to generate report for the 
user. This involves interaction between the web server and web database. Figure 4.3 
illustrates the functional decomposition of ConPass software. 
 
Figure 4.3: Functional decomposition diagram 
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Table 4.4: Summary of System Requirements 
Functional requirement Purpose 
Information 
 
Registration 
 
 
Login 
 
 
Assessment questionnaire 
 
 
Report 
• Provide information on the aim, expected outcome, benefits, 
how to use the tool, new user registration form and login page. 
• Collect users data (e.g. email address), check if data is already 
in the database, store data in the database to automatically 
generate password to be sent to the user via email address. 
• Facilitate access to the protected pages and enables users to 
have their own personal account so that their assessments data 
can be created, stored, retrieved and modified. 
• Password-protected pages. Store fully and/or partially 
completed questionnaires in the database, so that user can view 
or modify or reuse them later. 
• Check all questions are completed, if not highlight the 
uncompleted questions and instruct users to complete the 
missing questions, if yes, generate statistical and graphical 
report and provide text and colour coded numerical output for 
the users. 
Functional interface design  
Usability issues and web design 
guidelines 
(for related literature see Norman, 2000a, 
200b, 2001a, 2001b, 2002; Dillman, 2001; 
Fox, 2001; Badre, 2002; Schober, 2003) 
Basic Web guidelines: 
• Standardise the interface colours and avoid bright colours that 
may cause fatigue. Use contrasting colours. 
• Use standard interface controls appropriately. 
• Provide information on confidentiality and privacy. 
• Provide easy access to help e.g. an email address, phone, etc. 
• Use short and concise sentences and paragraphs. 
• Use well-designed headings and subheadings to guide the users 
Navigation: 
• Streamline forward movement through the questionnaire while 
allowing backtracking to view or change answers. 
• Reduce the branching instructions to a minimum to reduce 
reading time, confusion, and perceived difficulty of the 
questionnaire. 
• Label links clearly and make it easy to correct mistakes. 
Layout: 
• Put important information at the top and/or left-hand side of the 
page and make it visible at all times. 
• Limit the use of graphics and animation. 
• Eliminate horizontal scrolling and minimise vertical scrolling. 
Data Entry: 
• Use appropriate data entry tools (e.g. radio buttons etc.). 
• Label each data entry field clearly. 
• Implement data entry validation check to ensure consistency 
and data integrity. 
Non-functional requirement  
Scalability, compatibility and 
concurrent access 
• The system must be flexible and portable so that it can be used 
in any common version of web browsers.  
• The speed of processing user requests should be within an 
acceptable time range.  
• Different users in different locations can assess the system at 
the same time without collisions. 
Software requirement  
Microsoft Windows 2000 
ASP/ASP.Net vb 
Microsoft SQL Server 2000 
• Operating system and to run ASP.NET, IIS 5.0 is required. 
• Server-side technology for creating dynamic web pages. 
• System database design. 
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Firework MX 2004 
DotNetCharting 
WebXel Authentication 
• For graphics 
• For graphs/charts 
• Security and data integrity (registration and log in forms) 
 
4.5.3.2 System development and database design 
The system development and database design provides overview of the system 
architecture and operation, and the database design.  
 
System Architecture and operation 
The ConPass system architecture was created around a three-tiers application as 
depicted in Figure 4.3 below (adapted from Ruiker, 2004). The first tier is the 
presentation tier, which involves the client browser software such as Internet explorer, 
Netscape and so on. The tool is compatible with all standard web browsers. The second 
level is the middle tier that contains the application logic. The web server, the scripting 
engine and scripts reside in this tier. The web server is a piece of software that manages 
forward and backward data communication between the client and database tiers. The 
third tier consists of a database management system (DBMS) for managing and storing 
created, modified data and retrieved data for the end user. 
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Figure 4.4: ConPass Prototype High-level Architecture and Operation Overview 
 
The system has been built using ASP/ASP.NET (Active Server Pages), one of the 
technologies of the .Net Framework, as the scripting language. The Microsoft .NET is a 
new development framework, which provides a fresh application programming interface 
to the services and APIs of the classic Windows operating system (Liberty and Hurwitz, 
2003). ASP.NET is an enhancement of classic ASP and both applications can run side 
by side, allowing for easy migration of legacy application. One of the advantages of 
ASP.NET is that it helps to create faster and reliable dynamic and data-driven web 
pages that are scaleable and compatible with a broad range of web browsers without any 
custom coding by the developer. The ConPass prototype design conformed to the 
functional decomposition depicted in Figure 4.3 and summary of the system 
requirements in Table 4.4 
 
System database design 
The ConPass database was designed using Microsoft SQL server (Structured Query 
Language), a 'relational' database. The system data are amenable to representation in a 
relational database as the data could be structured into tables that are 'related’ to one 
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another and the data are all character or integer. The database has been designed as a 
combination of series of tables (data entities). Each table describes one logical entity 
and all its attributes. Every single table is organised into rows and each row represents a 
single record. The rows are organised into columns. All rows in the table have the same 
column structure. Table 4.5 collates and describes the function of the system tables. 
 
Table 4.5: ConPass System Tables Descriptions and Functions 
Table Name Description 
EmployeeTable Represents the user conducting the assessment and stores 
users’ registration information. It contains relationship with 
the CompanyInformationTable 
CompanyInformation Stores company background information and relationship 
with the CompanyBusinessType and 
CompanyBusinessType 
CompanyBusinessType Stores company business type e.g. client, contractor, 
subcontractor, supplier and others 
CompanyGroupType Stores the company group type in terms of (£) turnover in 
million e.g. >400, 200-400, 100-200, 50, 100 and <50 
CategoryTable Stores four main categories of the assessment e.g. policy 
development and embedment, economic, social and 
environmental management 
SubcategoryTable Stores the critical factors of the assessments e.g. business 
case, holistic approach and so on. It contains relationship 
with the CategoryTable 
QuestionTable Stores the assessment questions/statements and relationships 
with the SubcategoryTable 
ResponseTable Stores each user’s responses and relationship with 
CategoryTable, SubcategoryTable, QuestionTable and 
EmployeeTable 
 
The most common visual representation of database model is 'Entity-relationship 
diagrams (Danny, 2001). Figure 4.4 illustrates the system data entities, relationships and 
attributes. 
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Figure 4.4: ConPass Entity-relationship Diagram 
4.5.3.3 ConPass Prototype features and working 
The ConPass prototype consists of protected and unprotected pages as depicted in the 
functional composition diagram (Figure 4.3). The unprotected pages form the home 
pages. The first three pages (About ConPass, Benefit of ConPass and How to use 
ConPass) as can be seen from the navigation buttons across the top of Figure 4.5 below, 
provide essential information on the aim, expected outcomes, and benefits and how to 
use the tool. The users are expected to read these sets of pages before using the tool.  
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Figure 4.5: ConPass Home Page: One of Three Instruction Pages 
 
To start the assessment, users must register to obtain a password. The registration 
requires users input such as email address. At this stage, the system conducts three sets 
of validation to ensure data integrity. The first validation ‘RequiredfieldValidator 
control’ ensures that all required fields are completed. The second validation 
‘RegularExpressionValidator control’ for both the email and telephone number fields to 
ensure that inputs are consistent with regular format. The third validation is the 
’CompareValidator control’ to check that the users’ inputs are not already in the 
database. The first two can also be referred to as ‘Client-side validation’ while the third 
is termed ‘Server-side validation’. On completion of the registration form, the system 
auto generates password and sends it in a URL to the user’s email box. The email 
address is used as the user name in the system, as an individual email address is unique. 
Figure 4.6 shows the registration form. 
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Figure 4.6: New user registration form 
 
The Login page provides access to the users’ personal account and protected pages 
(assessment questionnaire and report). The login function contains an authentication 
mechanism, information saved in session and validation of the session information. The 
authentication mechanism compares the users name and password to the user 
information in the database. If the information exists in the database, the user is granted 
access and the system creates a session where session Id (i.e. user_Id) and variable is 
stored in the server memory, so that if the system crashes or restarts the session is not 
lost. All protected pages look for the session variable and forward the user to the login 
page if the value is null, which forces the user to log in again. The session is used to 
keep track on all the users. The session life time is set to a default period of 20 minutes, 
where the system will terminate the session if the system has been idle for that time. As 
can be seen in Figure 4.7 below, the login page has two other features; 'Forget 
password’ and 'Remember me’.  Should the users forget their password, the forget 
password feature requires users’ email address input and the password will be sent again 
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from the database to the users email box. With the 'Remember me’ feature, users can 
optionally check this checkbox when they log in causing a cookie to be put on their 
machine; this cookie is then used to automatically log them in on future visits.  
 
Figure 4.7: Log Into your Account and Forget Password Form 
 
The questionnaire assessment pages are password protected and on successful login, the 
system checks the database and populates the assessment questionnaire pages with the 
user’s previous data. However, if no data exists, then the pages are left blank for the 
user to start the assessment. The system facilitates creating, storing, modifying and 
retrieving data; hence the assessment can be completed in several sittings. Also, the 
system allows forward and backward navigation within the assessment pages to view 
and change answers. In total, the assessment consists of five pages, which are 
background information, policy development and embedment, economic, environmental  
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and social management forms. The first page collects company background information 
as depicted in Figure 4.8 below. Both client and server-side validation (as discussed 
above) are implemented for the background information form. Akin to the login page, 
two additional sessions Id (Business_Id and Group_Id) are created based on the user’s 
selected option from the drop down boxes (type of business and Annual turnover). 
These session variables together with the User_Id are passed from page to page and 
used in the report page to initiate the report output. 
 
Figure 4.8: Company Background Information Form 
 
A typical questionnaire page as shown below (Figure 4.9), consists of a series of 
statements relevant to each critical factor and the corresponding category. The users rate 
their organisation performance on each statement on a five-point Likert scale. A 
‘MouseOver’ function on both the ‘Rating scale’ (at the top of the page) and each 
corresponding ‘RadioButton’ provide the interpretation of the five-point scale to guide 
the users. The highest score is 5 while the lowest is 1.  
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Figure 4.9: Typical Assessment Questionnaires 
 
Even though the system allows users the freedom to navigate forward and backward 
without necessary fully completing all the questions on each page, it does ensure that all 
questions are completed before the report can be generated. Therefore, on clicking the 
‘Get Report’ link, the system checks the database to ascertain that all the questions have 
been completed and then generates the total of the number of questions for each 
category. If all the questions are completed, then users get their report. If not, then it 
highlights the questions yet to be completed and instructs the users to complete the 
missing questions. On completion of the assessment the system calculates the mean 
score of each category and users are automatically presented with a report of their 
performance and interpretation of their results. The assessment report includes numeric, 
textual and graphical formats and it consists of four parts as follows. 
 
Sustainable Construction: A Web-based Performance Assessment Tool 
78 
• Mean scores of each category with colour coding for the interpretation 
This part of the report collates the mean scores of the user on each category (i.e. policy 
development and embedment, economic, social and environmental management aspects 
of sustainability) and the total mean score with interpretation of scores as illustrated 
below. 
 
Figure 4.10: Company Performance Score 
 
• Benchmarking of performance with peers and industry as a whole 
This part of the report benchmarks each category mean scores of individual 
organisations with peers of similar business types (e.g. contractors, clients etc), group 
types in terms of turnover (e.g. >£400m, 200-400m, etc), as well as the industry as a 
whole as illustrated in the figure below. 
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Figure 4.11: Performance Benchmark with Peers and Industry 
• Chart of performance benchmarking 
This part presents the graphical illustration of the benchmarking. The mean scores are 
plotted on a Dashboard Linear gauge diagram as depicted in Figure 4.13 below. The 
dashboard linear gauge is based on the performance score interpretation scale. 
 
Figure 4.12: Dashboard Linear Gauge Diagram of Performance Benchmark 
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• Summary of mean score for each of the critical factors 
The final part of the report summarises individual organisations mean score on each 
critical factor and highlights each mean score (red, brown, yellow or green) depending 
on performance. This establishes areas of improvement and enables organisations to 
focus on specific critical factors for improvement.  
4.5.4 CONPASS PROTOTYPE SOFTWARE EVALUATION 
Evaluation is an integral part of the development process, it is therefore, imperative that 
a clear plan for the evaluation is established at the onset and factored into each step of 
the development process (Whitten and Bentley, 1998). Throughout the development 
process and at the end of the development phase, a number of methods were used. 
These included self, peer and expert continuous testing and correction of each 
component of the system for any errors during the development process. For the final 
phase, expert and industry evaluations of the prototype application based on 
functionality and usability issues were conducted. The evaluation samples composed of 
people already involved in the research from the onset and a few random samples. The 
details and findings of the assessment model and the application final phase evaluations 
are included in Chapter 5. 
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Table 4.6:  Research Undertaken and Outcome for Objective Four 
Outcome Research Undertaken 
Paper 6 
(Abstract) 
Development of a self-assessment model for managing 
sustainability issues at the strategic level in the construction 
companies 
 
The paper presents the development and the evaluation of the ConPass Model 
Paper 7 
(Abstract) 
The design and development of Sustainable Construction 
Performance Assessment Tool (ConPass) 
 
The paper presents the development and working features of ConPass prototype 
software 
ConPass Model A self assessment model for Sustainable Construction 
Assessment Tool 
 
The ConPass model consists of four critical elements with thirty-six critical 
factors. The model is based on a series of questionnaire/statements. The purpose is 
to aid the implementation, integration and management of sustainability issues at 
the strategic level focusing on the construction companies.  
ConPass 
Software 
The ConPass prototype can be accessed using the web address:  
 
http://winhost.siteberry.com/adeti/HomePage/ConPassAbout.aspx 
 
4.6 SUMMARY 
This chapter extensively described the research undertaken towards achieving the EngD 
research aim and objectives. It highlighted the research undertaken for each of the 
project objectives in light of the research methodology and research outcomes and main 
findings. It discussed, overtly, the development of ConPass assessment model and the 
design, development and implementation of ConPass prototype software; a web based 
self-assessment tool to aid implementation, integration and management of 
sustainability issues at the strategic level for construction companies. The next chapter 
presents the results of evaluation of the ConPass Model and the prototype software. 
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5 CHAPTER 5: FINDINGS AND IMPLICATIONS 
5.1 INTRODUCTION 
This chapter presents the key research findings, including the evaluation results for both 
the ConPass Model and ConPass software. It discusses the impact of the research on the 
industrial sponsor and its implications for the wider construction industry. The chapter 
provides critical evaluation of the research and recommendations and further work. 
5.2 RESEARCH FINDINGS 
The previous Chapter presented the research undertaken and major outcomes and also 
discussed the research findings with cross-references to each of the published papers 
and supporting documents included in the Appendix. In view of the strict restriction on 
the length of this thesis and to avoid duplication, this subsection provides a brief 
overview of the general research findings. It also presents the model and prototype 
software evaluations findings.  
5.2.1 SUMMARY OF RESEARCH FINDINGS 
Sustainable development like any other evolutionary concept has a long history. The 
evolution of sustainable development has been driven by demographic and 
environmental concern, value creation and increased industrial activity (see Paper 1). 
Sustainability demands a shift to a new perspective; the need to: recognise our place in 
the ecosystem by living in harmony with nature; and integrate continuing socio-
economic development with environmental protection. This perspective is realised 
through the bridging of many ideas, traditional beliefs and religious views and 
 CHAPTER 5: FINDINGS AND IMPLICATIONS 
 83 
disciplines (see Paper 2). The Brundtland Report promotes a debate on this new 
perspective. However, there is much confusion surrounding the concept of sustainable 
development. The underlining message in Our Common Future is the reorientation of 
development and economic growth to meeting people’s basic needs. Despite increasing 
effort to marry the social and environmental challenges with economic growth, progress 
remains remote. The key main barriers to progress are (i) historical disparity between 
the two parts of the concept; (ii) lack of clarity and contradictions of the concept; (iii) 
time required for cultural change and lack of political will; (iv) differing views and 
conflict of interest among the major players; and (v) inadequacy of the current societal 
conflict resolution mechanism (see Paper 1). The main findings of the contribution to 
UK consultation strategy (see Appendix F) are (i) that the Government must take the 
lead through its procurement policy and use of a mixture of voluntary initiatives, 
legislations and regulations, and economic and fiscal instruments, capacity building to 
promote awareness; and (ii) the fourth objective (maintenance of high and stable  level 
of economic growth) in the previous UK strategy was found to be inconsistent with the 
other three objectives and reinforced the status quo. 
 
In order to achieve corporate buy-in to sustainable practice, terminology must align to 
current business needs and perspectives. Relating sustainability to capital stock and 
resources (see Paper 3) provides the most effective means of explaining sustainable 
development to business parties. A good understanding of the relationships between 
environmental, social and economic systems is fundamental to practical application of 
the concept of sustainability. The environmental system is a prerequisite to economic 
and social activities. It provides the necessary input; raw material to economic and 
social system and assimilates the waste generated from production and consumption 
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processes. The economic and social systems cannot function without the environmental 
resources. The environmental system operates within certain limits. In the construction 
industry, sustainable construction and supply chain management remain the major 
issues. The initial findings of the industry wide telephone survey (see Section 4.2) 
indicated that the practical application of the concept had become a recurrent problem. 
This is exacerbated by several factors such as the industry culture, slowness to innovate 
and complexity of the existing sustainability management frameworks. There were gaps 
in perception, understanding and practical application of the concept between SMEs and 
large construction firms. While there was divergent of opinion on the benefits of 
sustainable construction between the two parties, it was a general consensus that the 
government must show more leadership.  
 
Based on the premise that the major construction industry’s players drive the industry 
forward by managing their supply chain, the quantitative survey of the Top-forty-five 
construction companies (in terms of turnover) provided some colourful and intriguing 
findings (see Paper 4). There was a general understanding of the concept within this 
stratum of the industry. The practical application of the environmental aspect of 
sustainability is well advanced while the social and economic aspects still prove elusive. 
The main barriers for implementing sustainable construction were attributed to the 
industry culture and fragmented nature of the industry, rigid specifications and clients’ 
unwillingness to share the burden. The three highest ranked drivers for implementing 
sustainability were government and regulation, competitive edge and client procurement 
policy. Clients and employees form the two highest ranked stakeholders. The study 
suggested that sustainability issues (through the medium of stakeholders such as clients, 
government etc.) lead to corporate sustainability actions that have certain results in 
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economical terms. Even though there was a common view that sustainability strategy 
and effective reporting to stakeholders can enhance reputation and competitiveness, the 
level of strategic response to sustainability agenda was proportionate to the level of 
turnover. 
 
The key findings of the case study interviews of the early adopters of sustainability 
agenda and the review of the existing management frameworks were presented in 
Section 4.3. This study revealed a number of key elements and sub-elements of 
successful transformation-fundamentals that companies must adhere to for successful 
implementation, integration and management of sustainability systems. These involve 
four main critical factors, which are subdivided into thirty-six subcomponents as 
illustrated in Figure 4.2 (Chapter 4). Important to this is policy development and 
embedment.  Logically, the sustainability performance of an organisation depends on a 
combination of its economic, environmental, and social performance (Sue-Mot, 2004a), 
hence the other key elements of sustainability management systems involve the fusion 
of environmental and social management systems with the economic management 
systems. The attainment of sustainability required cultural change and continuous 
improvement. It was not enough to change strategies, structures and systems, unless the 
thinking that produced those strategies, structures and systems also changed.  
 
Lack of leadership commitment, clear vision and failure to involve key stakeholders, 
create short-term wins and develop leadership capacity throughout the organisation 
accounted for main reasons for failure. Typical strategic practical actions towards more 
sustainable construction found in the case studies included the demonstration of 
continuous improvement and commitments to addressing economic, social and 
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environmental impacts through adopting third parties certifications, embedment of 
sustainability strategy in the existing business strategy, focus on measurable 
performance, communication with stakeholders and production of sustainability report 
verified by third parties. In view of the endemic initiatives overload within the industry, 
the analysis of the case study interview, indicated that the additional complexity brought 
on by sustainability measures should be as low as possible. A key feature of a move 
towards more sustainable construction should be challenging, but practical and 
incremental objectives for change. 
 
Supply chain management is increasingly an essential part of corporate sustainability 
(see Paper 5). Companies that are serious about achieving corporate sustainability know 
they must not only change their own practices, but their supply chains too. The detailed 
findings of the literature review and subsequent case study interview on sustainability in 
the supply chain management (SSCM), focusing on the road maintenance sector, have 
been documented in Paper 5. The terms SCM and SSCM are evolving concepts. SSCM 
can be defined as the identification of problematic sustainability issues throughout the 
supply chain, the assessment of their impact and risks, and the development of measures 
to improve them. Within the investigated sector, the term SSCM is relatively unknown 
rather green procurement/purchasing. This is consistent with the SSCM practice found 
within the organisations studied, which addresses a narrow set of sustainability issues. 
The reasons being: the clients’ green procurement strategy and the high environmental 
impacts on the sector.  
 
The sustainability/environmental issues exposed to, culture and market position of 
individual firms would impact on the choice of tools and techniques employed in 
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various industries. The study observed a high culture of health and safety and 
environmental consciousness within the case study organisations due to the sector’s 
high exposure to environmental, health and safety issues, and the clients’ green 
procurement strategy. The high exposure and clients’ market position appeared to have 
influenced the choice of tools and strategies as more importance is placed on achieving 
third party certifications and meeting clients’ PSA targets. The research findings 
suggested the existence of a spectrum of advanced and innovative SSCM tools and 
techniques in operation. However, there is a need to widen the scope to include wider 
sustainability issues and standardise these tools.   
 
The diffusion of sustainability/environmental improvements would operate differently 
in different industries and supply chains with different structural formation. This study 
has shed light onto the debate on the uncertainty regarding the circumstances amenable 
to achieving SCM in the construction industry. In this context, two schools of thoughts 
are found in the literature, namely: relationship based on equity or power (see Figure 4 
in Paper 5). Because of the nature and complexity of the construction process, the SCM 
relationships within the industry is, more often than not, based on dominance and power 
regime as confirmed in the case study. In the organisation studied, the inter-firm 
relationships observed in the supply chain network posses the characteristics of 
extended structural dominance and power regime. This regime provides the 
environment for the diffusion of environmental/sustainability issues. While this can 
deliver positive improvements (Figure 3 in Paper 5) and operate within a wider set of 
conditions (Table 3), it also raises a number of dilemmas that need to be redressed, for 
example the distribution of costs-benefits, the scope of issues addressed, the 
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involvement of cross-functional team, the use of cost as a key barometer of success and 
so on. 
5.2.2 CONPASS MODEL EVALUATION FINDINGS 
This subsection presents the ConPass evaluation findings based on responses from both 
sustainability practitioners and experts (academia and researchers) in the field of 
sustainable development in the built environment. The evaluation involved both closed 
and opened-ended questions. The evaluation method has been elaborated in subsection 
4.4.2 in Chapter 4. In total 21 samples conducted the model validation. The analysis of 
the closed-ended questions is presented in Figure 5.1 below. The figure shows the 
overall percentage scores for each of the five evaluation questions. As can be seen from 
Figure 5.1, Q4 (the usefulness of the model to aid organisation sustainability 
implementation process within the construction industry) scored highest (85%) followed 
by Q5 (the overall effectiveness of the model), Q1 and Q3 respectively. While Q2 (the 
formulation and ease to understand each aspect of the model’s question) scored lowest 
(63%). The open-ended questions of the evaluation explored how the model could be 
improved. Among various comments are as follows. 
 
• It was a result of hard work and so generally comprehensive and practically 
useful. 
• The questions are relevant and well thought through, but some need shortening 
• It is clear that much work has gone into the contents of the model. 
• The list of categories and sub-questions are very comprehensive and covers 
wider issues of sustainability. 
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• The model questionnaires are generally sufficient and there is no need to add 
any other questions but some of them need to be rephrased and more concise 
• Great effort and a very useful practical tool for the industry. 
• This is great and definitely will improve sustainability implementation and I will 
urge all organisations to use this tool. 
• I feel the key point of sustainability is captured in the questions on 
‘environmental and loss accounting’ (and social equivalent) as it is through these 
methods that the situation can move towards better integration across the three 
main sustainability dimensions. 
 
There is a general agreement among the reviewers that the model is an effective and 
useful tool that could help implementation and management of sustainability issues at 
the strategic level. However, there is a need to rephrase some of the model questions, 
which is reflected in the low score for Q2 (63% compared to others) in Figure 5.1. In 
general, the evaluation findings were positive and extremely useful in refining the 
model, especially for the model’s questions. The positive findings of the model 
evaluation and validation demonstrated the industry need for this tool and provided a 
strong incentive to proceed to the next phase of development; that is the development of 
the ConPass prototype software application.  
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Figure 5.1: The Analysis of Closed-ended Evaluation Questions 
5.2.3 CONPASS PROTOTYPE SOFTWARE EVALUATION 
The purpose of the evaluation is to provide a reasonable level of assurance that the 
system performs as specified and conformed to the functional and non-functional issues 
(in Table 4.4, Chapter 4) such as system performance, security, scalability, 
functionality, usability and issues and the system is error free. For this evaluation two 
options were considered, namely industry wide and a group of experts evaluation. Due 
to time constraint, the first option (industry wide evaluation) was discarded and the 
second option was undertaken. As indicated in Chapter 4 (subsection 4.4.4), the 
evaluation samples consisted of people already involved in the research from the onset 
and a few random samples. In total seven people (four sustainability practitioners, two 
academics in the field of sustainability and one software development experts in the 
built environment) were involved in the evaluation. This part of the thesis provides a 
brief overview of the evaluation findings.   
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The performance of web application is an important issue; the performance testing was 
conducted by checking the transaction speed, where each processing and loading time 
was monitored. The system loading time fell within the acceptable time period. The 
security testing was carried out by accessing some of the protected pages directly using 
their URLs. The testing indicated that these pages can not be loaded without user login. 
A well-designed web-based system must be able to scale from a network of a few to 
many computers. The scalability testing was carried out by asking many users outside 
the network to login in the system concurrently. The testing proved the system’s 
scalability, as it can be accessed by outside users at the same time. The functionality and 
usability testing findings are as follows. 
 
• User interface and navigation: all the users were impressed with the system user 
interface and ease of navigation. 
• New user registration function: the reviewers were asked to register as new 
users. The function operate error free as the system was able to auto generate 
password and forwarded this to the user’s email account. 
• Login function: the reviewers were able to login successfully with the obtained 
password and the username. Also the ‘Forget password’ and ‘Remember me’ 
function was tested and this worked error free. 
• Assessment questionnaire function: the reviewers were able to create their 
assessment, store, retrieve and modify them.  
• Report function: having completed the assessment questionnaire, the users tested 
the report function, and both the graphical and numerical reports were generated 
and worked error free. 
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• Input validation: the system provided a high level input validation checking 
based on pre-defined validation rules, which involves both ‘client-’ and ‘server-
side’ validation. 
 
With reference to the initial system requirement in Table 4.4 (Chapter 4), the evaluation 
findings indicated that the system has been completely developed and is fully functional 
as discussed in Subsection 4.4.3.3 (ConPass Prototype working and operating feature). 
On the whole, all the reviewers were highly enthused with the capability and the 
advance feature incorporated in the ConPass prototype and its possible benefits to the 
whole industry. The reviewers also suggested a few recommendations for further 
improvement of the prototype. These are included in the recommendations section. In 
fact, two of the reviewers who were also involved in the ConPass Model evaluation 
expressed their interest in providing further funding for further development of ConPass 
prototype. These reviewers in question work for a government funded, non-profit 
organisation - East Midland Centre for Built Environment (EMCBE). This EMCBE 
scouts for innovative products within the East Midlands region and provides funding for 
their further development for the wider use and benefit of all construction companies. 
Given this new development and the enthusiasm of the majority of people involved in 
the project from the onset, the future of ConPass is bright.  
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5.3 INDUSTRIAL IMPLICATION 
5.3.1 IMPACT ON SPONSORING COMPANY 
As previously stated in the research background in the context of industrial sponsor (see 
Subsection 1.2.2), the RCS’s main reasons for commissioning this research were to 
meet clients’ demand for sustainability, consolidate market position and achieving 
competitive advantage by gaining and applying a broader understanding of 
sustainability issues. The EngD project as a whole has a far-reaching impact and 
implication for the sponsoring company. Not only has the company successfully used its 
involvement in this project as a marketing tool in bidding for contracts and promoting 
its image in the road maintenance sector. It has also gained a far superior grasp of the 
concept of sustainability. The company is now renowned in its sector to be at the 
forefront of innovation in the application of sustainability knowledge in materials and 
products design, service and project delivery process. The knowledge of the researcher 
has been invaluable in propelling the organisation toward the path of corporate 
sustainability.  
 
The researcher has closely worked with RCS to analyse processes and develop an 
approach for sustainability construction for the company. RCS has in place a suite of 
policies and initiatives to demonstrate its commitment to sustainability. In this respect, 
it has won several external recognitions and awards for its initiatives such as Hampshire 
and Isle of Wight Sustainability Business Award for Resource Efficiency, ICE Prestige 
Award for Best Large Project in Southern Region, Certificate of Merit for 
Environmental, Good Practice, Considerate Contractors Award for several individual 
projects, and so on. For the past two years RCS has been reporting its performance 
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within the Balfour Beatty Sustainability Reports (Balfour Beatty, 2003; 2004) and 
gained the reputation as the trend setter within the Balfour Beatty Group. Most recently, 
RCS published “Biodiversity Action Plan: minimising our impact and improving the 
environment” (RCS, 2003), which draws together the company’s past, present and 
future actions, objectives, targets and performance in light of the UK Biodiversity 
Action Plan. This document is one of its kinds in the road maintenance sector. To 
consolidate on its efforts, RCS is currently working on producing its own sustainability 
report.  
5.3.2 IMPLICATION FOR THE WIDER INDUSTRY 
This research has several implications for the construction industry. The role and 
importance of the construction industry in achieving a sustainable society can never be 
overemphasised. Sustainable construction has been the focus of Government 
institutions, research establishments, academia and major industry players. Considerable 
efforts have been made to align the industry business process towards more sustainable 
construction. The deductive reasoning from the aggregation of the EngD research 
findings indicated a paradigm shift to a new value perspective in the industry. Social 
changes and policy instruments such as legislations and regulations, voluntary 
agreements, fiscal and economic instruments, steer this new value perspective. The 
concept of sustainability is increasingly becoming a crucial part of project procurement 
and sustainability literacy of the industry professionals is now forming a crucial tenet of 
the majorities of professional bodies in the construction industry. The fact that leading 
construction companies have already begun to integrate sustainability practice at both 
operational and strategic levels to take advantage of the market opportunities is a 
persuasive indicator that the practical application of the concept of sustainability is 
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possible and reason enough for the SME to follow suit. Corporate sustainability is here 
to stay. There is sufficient evidence to suggest that in the near future, a business licence 
to operate could be conditional upon the alignment of business processes in line with 
the principles of corporate sustainability. The construction companies of tomorrow will 
be those that are already proactively engaged in sustainability agenda. The main output 
of this research, the ConPass Model and software, are enablers to achieving corporate 
sustainability. The ConPass tool makes the complex task of implementing, integrating 
and managing sustainability issues at the strategic level easier by breaking down the 
processes into manageable and easily digestible components. This will help to promote 
the wider uptake of the sustainable construction agenda in the industry. 
5.4 CRITICAL EVALUATION OF THE RESEARCH 
The aim of this research was to develop a practical and easy to use tool to aid the 
implementation, integration and management of sustainability issues at the strategic 
level and promote wider uptake of the concept in the industry. This is very ambitious, 
considering the complexity of sustainability as a concept, peculiarity of the construction 
industry and the limited time frame available (four years) for the completion of the 
EngD research. In this regard, the main limitations of this research revolve around the 
broad scope of the research and time constraint. Four major limitations have been 
identified which give rise to further research (see section 5.5).  
 
• The ConPass model consists of thirty-six critical factors, which are extensive. Based 
on the premise that there is no one size fits all formula for achieving corporate 
sustainability, as every organisation is different, there is a need to provide a mechanism 
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for each organisation for assigning weightings to these factors and decide on the most 
critical factors more applicable for their organisation. 
• The ConPass prototype software evaluation only involved a limited number of 
people, albeit experts in the field of sustainability and software development. If time 
were available, industry wide evaluation would have been conducted to enrich 
evaluation findings. This could be addressed by conducting industry wide evaluation 
of the prototype software. 
• The ConPass prototype software as it stands, the current base data for the first set of 
users to benchmark against is very thin. Again time was a critical factor. There is a 
need to build this base data, which could be addressed via industry wide 
implementation.  
• The prototype does highlight areas for improvement but neither provides steps for 
action to redress these issues nor links to further information on how to achieve 
these improvements. This could be address by integrating a knowledge-based expert 
system in the ConPass Prototype to provide guidance on the steps for improvements. 
The knowledge-base system could be developed by collating case studies of best 
practice and interviewing sustainability experts. 
5.5 RECOMMENDATIONS AND FURTHER WORK 
The concept of sustainability is extremely diverse and complex. The focus of this 
research, though extensive, was only a tip of the iceberg compared to the magnitude of 
issues under the umbrella of sustainability. Within the broader context of sustainable 
development and sustainable construction, there are arguably a multitude of issues yet 
to be resolved and urgently required further research. The identification of these issues 
for further research recommendation could easily form a four-year research agenda. 
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This section exclusively presents recommendation for further work in light of this EngD 
research as follows. 
 
• The attainment of sustainability management practice is more to do with cultural 
change, new ways of thinking and must be treated as any other continuous 
improvement initiative. Important to this are training and education to change mental 
mode, behaviour, values, norms and assumptions. This reinforces the need to develop 
training tools for the construction industry. However, only a very few organisations are 
large enough and possess adequate resources to deal with the complex and diverse 
educational needs associated with sustainability. As such, this research will strongly 
recommend research in developing ‘e-Learning Sustainability Tools’ (which take 
advantage of the modern ICTs combined with innovative pedagogical approaches) for 
the wider construction industry. 
 
As previously indicated in Section 5.4, other recommendations for further work includes. 
• Industry wide evaluation of the ConPass prototype software. 
• Provision of a mechanism in the ConPass prototype to enable assigning weightings 
to the critical factors and allows users to select the most applicable for their 
organisation.  
• Industry wide implementation of ConPass software to collate base data for the first set 
of users to benchmark against. 
• Development and integration of knowledge base expert system into ConPass 
prototype to provide expert advice on best practice guidance on steps for action 
plans and improvements. The expert system will play a supporting role to 
complement the automated performance assessment reports, by providing practical 
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advice on the identified areas of improvement. Upon completion of assessment and 
the generation of the reports, the built-in expert knowledge base will automatically 
suggest action plans for the highlighted and under performing critical factors. 
5.6 SUMMARY AND CONCLUSIONS 
This chapter has highlighted the main research findings (see Section 5.2), implication to 
the sponsoring company and wider construction industry. It discussed the research 
limitations and suggested recommendation for further research. This thesis together 
with the supporting documents in the Appendices provides essential evidence to suggest 
the achievement of research aim and objectives as well as the research outputs. The 
need for this research is apparent from the industry’s poor progress in achieving more 
sustainable construction. This is compounded by the conceptual confusion and 
ambiguity surrounding sustainability. Also, the complexity and less comprehensiveness 
of the existing sustainability management frameworks do not make the task any easier.  
 
The aim of this research was “To develop a practical and easy to use tool to aid the 
implementation, integration and management of sustainability issues at the strategic 
level and promote wider uptake of the concept in the construction industry”. To achieve 
this aim, through a series of research methods, the research: 
• investigated the concept of sustainable development and the UK strategic approach; 
• identified its application to the construction industry and progress in its uptake; 
• examined frameworks for managing, monitoring and reporting on corporate 
sustainability; and 
• developed and evaluated an assessment model and a prototype software for 
implementing and managing sustainability at the strategic level. 
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The main research outputs are the development of ConPass Model and a fully functional 
web-based prototype software. The ConPass Model is based on the premise that 
sustainability performance of an organisation depends on four critical factors, namely 
policy development and embedment, economic, social and environmental management 
systems. These four factors consist of thirty-six sub-factors as depicted in Figure 4.2 
(Chapter 4). The ConPass software is a self-assessment tool, which focuses on strategic 
and management issues, and breaks down the implementation, integration and 
management processes into manageable and easily digestible components. The main 
benefits of the tools are: it complements the existing sustainability management 
frameworks; helps construction companies identify gaps in their corporate sustainability 
implementation efforts and focus attention on areas for improvements; gauges and 
benchmarks performance with peers and industry as a whole; and promotes wider 
uptake of the concept in the construction industry.  
 
The research advanced the body of knowledge on the concept of sustainable 
construction and demonstrated innovation in the application of knowledge to the 
engineering business environment. ConPass is one of its kind in the construction 
industry, hence the novelty of the EngD research 
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Abstract: The increasing spectrum of environmental and social challenges instigated by 
the failure of development strategies, the continuous proliferation of unsustainable 
patterns of production and consumption coupled with the anticipated level of population 
stimulated the pursuit of a new path. Sustainable development has emerged as a possible 
remedy. Despite increasing efforts to marry the social and environmental challenges with 
economic growth, progress remains remote. Against this background, the paper aims to 
investigate the root cause of the current poor progress in terms of the practical application 
of the concept. The paper reinforces the drawbacks of the current societal conflict 
resolution mechanism: market and political arenas. As a possible solution, it suggest the 
urgent need for a shift to the third arena, which facilitates integration of public debates, 
scientific evidence and policy, and extensive use of innovative tools such as precautionary 
principle to ensure a high-quality decision-making process.  
 
Keywords:  challenges, development, progress, solutions, sustainability. 
 
1.  INTRODUCTION 
Sustainable development emerged as a possible means of integrating social, 
environmental and economic growth so that the needs of the present generations can be 
met without jeopardising the possibility of the future generation from meeting their own 
needs. The concept of sustainable development is a classic example of the evolution of a 
new world order. A concept which “has passed through all the predictable stages: from 
an ideological side-show, an interesting trend met with equal measures of enthusiasm, 
scepticism and uncertainty to an agenda on which we might have differences of opinion, 
but one which we cannot deny, and one which individuals, companies and institutions 
increasingly adopt as their own…. Typically, it begins as an almost unnoticeable trend 
that gradually takes shape and finally develops into a fundamental global condition” 
(Nordic, 2002 pp 8). Figure 1 shows the dramatic increase of international media 
interest in sustainability while Figure 3 shows the timeline of both global and UK 
efforts to achieve sustainable development  
 
Despite increasing high profile global conferences and events aimed at promoting 
sustainable development, its uptake in terms of practical application is conspicuously 
low (NFSD, 2002; Dyllick and Hockerts, 2002). This paper explores the reason behind 
this and reviews a large body of knowledge to develop a topology of challenges and a 
timeline of various attempts to promote sustainable development. It also examines 
barriers to sustainability and suggested a possible way forward.  
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Figure 1: Key words in 12 leading international media 1995-2001 (Nordic, 2002) 
 
2.  THE NEED FOR SUSTAINABLE DEVELOPMENT 
Sustainability describes the ideal society- a better quality of life for everyone now and 
for generations to come (see Brundtland, 1987; DETR, 1999). The relevant literature is 
abound with the spectrum of sustainability challenges (IPCC, 1996; UNDP 1999; 2000). 
The evolution of sustainable development has been driven by demographic and 
environmental concern, value creation and increased industrial activity. 
 
Demography, poverty and economic concern 
The current world population is about 6 billion, an increase by 140 per cent over the last 
fifty years. By 2050, it is projected to be 9 billion (UN, 2002). Of the current six billion, 
fifty per cent have to survive on less than two dollars per day (Leisinger and Schmitt, 
2002), one-fifth have no access to health care, one-sixth have no access to safe water to 
drink, and over 40 per cent lack access to sanitation and modern energy services (DTI, 
2004). 
 
Demography, poverty, urbanisation and quality of life 
Geographically the earth is ageing. Demographically, most of the nations are becoming 
younger (Fussler and James, 1996) although in the most developed countries, life 
expectancy is rising while birth rate is declining. The implications of this are: slowdown 
in the rate of economic growth, unsustainability of pension schemes and public health 
facilities. In the EU, regional imbalances remain a major concern as 1 in 6 Europeans 
live in poverty.  
 
Value creation, industrial activity and environmental degradation 
The increasing depletion of natural resources and environmental degradation underscore 
the urgent need to decouple economic growth from environmental degradation. Major 
environmental problems such as CO2 emissions, deterioration in air and water quality, 
depletion of forest, and solid waste generation are caused by industrial activity. As a 
result, some have demanded 90 per cent dematerialization of the economic processes to 
achieve a ‘factor 10’ improvement (Schmidt-Bleek, 1994). 
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Unequal distribution of wealth 
Inequalities within and between countries are greater than anything experienced before 
(UNDP, 2000), where 80 per cent of the world income is received by 20 per cent of the 
world’s population (Leisinger and Schmitt, 2002). The ill-conceived globalisation 
through strategic alliances; the ever-increasing economic power of the World Trade 
Organisation exacerbate these gaps (UNDP, 1999). Aside from the moral and ethical 
considerations associated with social inequalities, there are many practical issues. 
Inequality reduces efficiency and productivity of the poor thereby causing low 
economic growth and undermining social cohesion.  Social exclusion promotes 
violence, crime, drugs, family breakdown, dependence on state benefits and so on. 
Extreme inequality threatens the whole economy as a large proportion of the society 
loose connectivity with the assets and organisations that produce the wealth (Dimbleby 
et al, 2000). According to Gates (1999 pp8) “Two-tier societies and two-tier 
marketplaces are not the fertile soil in which robust democracies take root”. 
 
Other contemporary challenges and impact on the built environment 
The occurrences of new diseases, especially the growing impact of the AIDS epidemic, 
the effects of climate change and urban growth on the built environment are examples 
of other contemporary challenges. Future changes in the built environment will have to 
meet the challenges created by climate change and urban growth. Statistics indicate 
(Figure 2) that the population of cities will increase three-fold to over six billion by 
2050.  
 
 
 
 
  
 
 
 
 
 
 
 
Figure 2: Population Trends1 
 
The environmental and social changes addressed have been with us for much of the last 
century, but the pressures are intensified as society now faces additional environmental 
and social stresses (Roome, 1998). Dealing with them will require considerable 
invention and innovation. Sustainable development is presently the only answer 
available (Enmarch-Williams, 1996; Blair, 2005). 
 
3.  THE SEED OF SUSTAINABLE DEVELOPMENT  
Literature review indicates that the concept of sustainable development is not new. The 
historical decline, the content and structure of many traditional views and religion 
beliefs and body of knowledge are the crucial tenet of the contemporary concept of 
sustainable development–‘living in harmony with nature and within society’ (Adetunji 
et al, 2003). The narrow concern of the adverse impact of our economic model in the 
1Ccollated: http://www.prb.org/Content/NavigationMenu/Other_reports/2000-
2002/2001 World Population Data Sheet.htm#highlights)
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late 1960s (Carson, 1962; Erhlich, 1968) has blossom into a wider debate on a major 
reform of this model in the early 1970s (Meadows, 1972; Schumacher, 1973).  
 
The International Union for the Conservation of Nature (IUCN) in collaboration with 
the World Wildlife Fund for Nature and The United Nations Environment Program 
(UNEP) formulated the World Conservation Strategy in 1980. This strategy aimed to 
integrate the environment and development concerns into a single concept of 
conservation (Tryzna, 1995) and provided a focal point for an earlier diffuse idea and 
underpinned the concept of sustainability (Khosla, 1995). Holmberg (1994) argued that 
though the IUCN could claim credit for introducing the term ‘sustainable development’ 
for the first time. The World Commission on Environment and Development (WCED), 
through the Brundtland Report (1987), brought the concept to the political arena. Figure 
3 shows the timeline of both global and UK Government attempts to promote 
sustainable development. 
Figure 3: The timeline for sustainable development 
 
3.1  Sustainable Development - Knowledge Versus Progress 
 
During the last four decades there has been a proliferation of political activities to 
promote sustainable development. However, despite the increasing efforts to marry 
social and environmental challenges with economic growth, the outcomes of various 
reviews consistently suggest that success is mixed and progress remains remote (Annan, 
2001). The conclusion of the global analysis of the progress made so far indicated “little 
evidence of a massive shift in attitudes and actions on the part of all major players upon 
which the realisation of a sustainable development process depends. Individual, 
political and entrepreneurial inertia as well as tactical behaviour continues to delay a 
halt of environmental destruction and resource mismanagement” (NFSD, 2002 pp2). In 
the UK, the recent authoritative review of progress since 1999 concluded ‘Shows 
Promise, But must try harder (SDC, 2004). Against this backdrop, through extensive 
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literature review and deductive reasoning, the paper explores the root cause of the 
current poor progress and suggested possible solutions. 
 
4.  BARRIERS TO ACHIEVING SUSTAINABLE DEVELOPMENT 
 
4.1  Historical Disparity Between the two Parts of the Concept 
A good appreciation of changes in thinking regarding the conceptualisation of 
sustainable development is a prerequisite to understanding the challenges of its practical 
application (Elliot et al., 1994). The origin of the concept of sustainable development 
lies in two distinct disciplines of development and environment, which were separated 
until 1960s. As understanding of the challenges and achievements of both disciplines 
changed, they came closer with the realisation that environment and development were 
interdependent and mutually reinforcing issues. The changing perceptions of both 
epistemologies and their emergence are possible reasons for the poor progress of the 
practical application of sustainable development. 
 
Changing perceptions of development 
In the 1960s, a positive causal relationship between development and economic growth 
was assumed and economic growth was measured through Gross National Product 
(GNP). It was generally assumed that the problem of the South could be quickly solved 
through financial aid, technology and expertise transfer (Elliot et al., 1994; and Radclift, 
1987). In the 1970s, some progress was indicated by GNP. However, the increased 
poverty, population growth and inequality provided renewed challenges to economic 
development. As a result, the focus was widened to include ‘Even distribution of 
income’ and ‘Population control’. These are perceived as fundamental parts of any 
development strategy, hence such phrases as ‘Growth with Equity’ and ‘Redistribution 
with Growth’.  The understanding of development took a new dimension in the 1980s 
and was perceived as a multi-dimensional concept encapsulating widespread 
improvements in the social, as well as, the material well-being of all in the society. It 
was recognised that there was no single model for achieving development and that 
investment in all sectors (for example, agriculture, industry and so on) was required. For 
development to be sustainable; it must encompass not only economic and social factor, 
but also those related to population, natural resources and resulting impacts on the 
environment (Radclift, 1987). 
 
Changing perceptions of the environment 
Environmental conservation took off in the 1960s when coherent bodies of work were 
published (Carston, 1962; Erlich, 1968). The multiple effects of unsustainable patterns 
of production and consumption of the developed world started to emerge. Concern was 
intensified due to population growth, increasing demand on natural resources in the 
developing world and its threats on global environmental quality. However, the notion 
of environmental conservation gained little or no support from the developing countries 
for various reasons (Radclift, 1987):  
• resources were perceived as infinite;  
• environmental degradation is inevitable consequence of industrial development; 
• scepticism of the motives behind proposal to limit their development;  
• strong belief that development can only be achieved through industrialisation; and  
• environmental problems are solely caused by the industrial world hence they should deal with.  
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Emergence of environment and development 
The major political dilemma of the Brundtland is the integration of social and 
environmental decline with the desire for economic development in the South and 
economic growth in the North (Adetunji, 2003). This historical disparity is the cause of 
current divergence of views and perspectives, values and beliefs and, experience and 
insights as evidence in the various global political negotiations on environmental 
targets. 
 
4.2  Lack of Clarity and Contradictions of the Concept 
The relevant literature provides different definitions for sustainable development and 
there is still much confusion and conflict about the meaning of the concept.  
Sustainability is an integrative and crosscutting concept, characterised by deep-rooted 
contradictions of incompatible goals (Dovers and Handmer, 1993). This systemic 
dysfunction is rooted in the often irreconcilable two parts of the concept- 
‘sustainability’ and ‘development’. The combination of these two words resulted in 
multi-dimensional variables and sub-variables rather than the sum of two concepts put 
together (Samson, 1995). Dovers and Handmer (1993) identified eight contradictions as 
follows:  
• Cause versus cure: technological and cultural paradox. 
• Humility versus arrogance: uncertainty of decision making despite increased information regarding 
global environmental crisis.  
• Intergenerational versus intragenerational equity: redistribution of resources is ecologically 
defined but politically impossible trade off.  
• Economic growth versus ecological limits: 'sustainable’ and 'development' is an oxymoron.  
• Individual versus collective interests: the reconciliation of the two distinctive views. The western 
culture is epitomised by individual sovereignty, protected through the political frameworks, while 
sustainability is a collective problem instigated through the sum of the individual preferences.  
• Diversity versus purpose: potential conflict between diversity of democracy and purpose action. 
• Adaptability versus resistance: differing kind of resilience in the face of change.  
• Optimisation versus spare capacity: optimisation is anti-sustainability.  
 
Table 1: Summary of comments on conceptual irregularities 
Commentators Comments 
Brandon, 2000; Cecchini, 2000 Vague, ambiguous and ill defined 
Meadowcroft, 1999; Oldeman, 1995; O’Riordan Voisey, 
1998; Hill and Bowen, 1997; Gatto, 1995 
Fuzzy concept and open to a wide range 
of interpretations 
Dovers and Handmer 993; Mullaney and Pinfield, 1996;  Incompatible and incomplete 
Pearce, 1989; Daly, 1996 Motherhood and apple pie, a breeding 
ground for disagreement 
Kirby, 1995 Anthropogenic- centred on human 
welfare excluding other creatures 
4.3  Time Required for Cultural Change and Lack of Political Will 
The pursuit of sustainable development requires a concomitant reform in constellation 
of social and political forces at the global, national and local levels. Of course this is a 
cumulative and lengthy process, which requires cultural change. Several voluntary 
agreements have been reached, particularly during and post Rio Summit, but the 
political will to enforce them has often been misplaced (Blair, 2005). The regional 
agreement on sulphur dioxide and a global agreement on ozone-depleting chemicals 
such as chlorofluorocarbons led to a general optimism that the world is heading towards 
 Paper 1 
 121 
the right direction and inspired the conventions on climate, biodiversity and the forests. 
However, the outcomes of the negotiation on these three issues indicate misplaced 
optimism (Dresner et al., 2002). 
 
4.4  Differing Views and Conflicts of Interest Among Major Players 
The differing views and conflict of interest among major players on the ability of the 
environment to endure human impact are the major reasons for inadequalte policy. This 
has raised concerns on the effectiveness of the current democratic decision-making and 
consensus-seeking mechanism to the achievement of sustainable development. Drawing 
from the work of Thompson (1990), Rayner (1991) and Samson (1995), the conceptual 
debates on the effect of the global development and environmental change can be 
characterised using the analogy of four competing views of environment, which 
represent a mixture of physical and perceived reality (Samson, et al., 1995). As depicted 
in Table 2, the illustration comprises four topologies of environmental views, 
demonstrated by a bowl situated in a landscape to represent ideal-typical positions. 
  
Table 2: Summary of the four competing viewpoints 
Views of 
nature 
I. Environment is 
robust 
II. Environment is 
fragile 
III. Environment is 
robust within limits 
IV. 
Environment is 
chaotic 
Visua-
lisation 
 
 
 
  
 
 
Comment 
 
 
 
 
Environment is extremely
robust and very forgiving 
of human impact 
regardless of what is 
done to the landscape, the
ball will always return to 
equilibrium at the bottom 
of the basin (Simon 
1981).  
Environment is 
extremely unforgiving 
and fragile to the 
extent that a trivial 
knock on the 
landscape will cause 
its collapse 
(Goldsmith, 1993; 
Devall and Sessions, 
1985. 
Environment is resilient 
and forgiving within 
identifiable boundary, 
which must not be 
surpassed or the ball can 
be knocked over the edge. 
(Brundtland Report and 
national/ local strategies) 
Environment is 
random, chaotic 
unpredictable. 
Defies any sort 
of mitigation, 
control or 
management. A 
ball on an flat 
plane. 
Views Individualist: 
Environmental crises 
are positive challenges 
with bundles of new 
opportunities for human 
ingenuity. 
Egalitarian: 
Global environmental 
changes are reflection 
of the multiple negative 
humans impacts and 
these will eventually 
lead to irreversible 
collapse of the planet 
Hierarchist:  
Ecological degradation and 
natural resources requires 
carefully management 
through accurate scientific 
understanding of ecological 
limits to avoid global 
catastrophe  
Fatalist: 
Environment is 
lottery driven 
cornucopia with 
sheer luck. 
Institution 
/ shared 
Business and industry Deep ecologist Political institution / 
Government 
Proponents do not 
often enunciate 
view. 
Solution Free market and green 
technology. The 
invisible hand steer the 
market in the right 
direction and the Gov’t 
should have a laissez-
faire attitude.  
Substitution of 
anthropocentric 
hierarchies with bio-
centric egalitarianism; 
living in harmony with 
environment 
Internalisation of 
externalities; standards 
and operating procedures; 
scientific research 
Doing nothing is 
the best solution  
 
 
Example 
(Tolba et 
al., 1992, 
pp 2) 
Recovery in Cental 
American from over use 
by early settlements to 
original state of dense 
tropical jungle.   
The problem of 
desertification and 
urbanisation.   
Kano a large city in north 
Nigeria has withstood 
intermittent droughts over 
many centuries. Forest 
fires, release essential 
nutrients contributing to 
rapid regeneration’ 
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Each interprets the concept based on his/her own background, personal orientation to 
justify their own chosen strategy or action, and all opposing views are rouge 
information, misguided and deliberate attempts to impede economic growth. This calls 
to mind the South-North and America-Europe divide on forest and climate change 
negotiations and accounts for the poor progress since Rio Summit. The American 
negotiate from the premise that ‘environment is robust’ while the European 
‘environment is robust within limits’. There is an entrenched dichotomy between 
individualist (business and industry), egalitarian (deep ecologist) and hierarchies 
(political institutions), each of which has been observed to display its own distinctive 
form of rationality that legalises its operation. These become more interesting when the 
unpredictability and ever-changing faces of nature comes into play, occasionally fitting 
each of these views, thus alternately testifying the legitimacy of these multiple views, as 
can be seen from the example provided in Table 2. 
 
5.  DISCUSSION AND POSSIBLE WAY FORWARD 
 
The discussion so far suggests that the conventional ‘market’ and ‘political’ regulatory 
arenas are narrow in scope in marrying development with multiple views of 
environmental capability. There is a disparity between democratic decision-making, 
consensus-seeking and long-term planning concerning sustainable development 
(Schomberg et al, 2002). For instance, the review of literature concerning climate 
change negotiations indicates that negotiations by most national representatives are 
mainly based on political feasibility rather than environmental acceptability. The reason 
being, (i) the increasing concentration of power to the few multi-national corporations 
through globalisation and (ii) probable maximisation of re-election prospect of national 
governments especially when environmental competes with economic objectives. Many 
political leaders have a strong inducement to negotiate for, or even reject, the lowest 
possible level of environmental measures that are achievable with no major economic 
repercussions and can be presented to the public as a success. The Bush-administration 
rejection of the Kyoto agreement and disinclination to any reduction of CO2-emissions 
is an example (Dresner, 2002). 
 
In view of these, like many authors (Birkeland, 1996; Keijzers 2002; Schomberg, 2002), 
the paper reinforces the need for the so-called third arena of the societal conflict 
resolution (depicted in Table 3) based on the global ethics of co-responsibility and new 
deliberative procedures to accommodate conflicting interest and limitations of market 
and political regulatory mechanisms. The third arena with decision-making process 
based on debate, mediation and transition management as opposed to the current 
process of vote and negotiation. The following elements form the main components of 
the third arena (Schomberg et al, 2002): 
• Increase in public debates at all levels to provide an interface between system and subsystems – 
politics, law, science and the political decision-making process.  
• Technology assessment procedures must be established to complement general public debate and to 
provide an interface between a particular subsystem and the political decision-making process 
• Constitutional change or structural political change to accommodate the new forms of public debate 
and the development of transpersonal science and technology assessment processes.  
• Science for sustainability is a complex system surrounded by scientific uncertainty and ignorance. 
There is a case for a new type of tool to facilitate smooth science-policy interface. A new decision-
making tool for policy makers to assess the quality of the information rather than the truth within 
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each scientific statement.  Governance, precautionary principle, and sustainability should be 
inherently connected to each other to ensure a high-quality policy process.  
• Normative (deliberative) design based on foresight/back-casting the establishment of normative 
targets, as a point of departure will help to find a common ground between scientific and policy level. 
Deliberative procedures such as the application of the precautionary principle help to find consensus 
on such targets. 
• System innovation offers a route for achieving sustainability benefits. This requires a ‘transition 
management’ with the key elements of formulation of transitional goals and the use of process 
management based on a philosophy of learning – by – doing and doing – by – learning, to resolve the 
long-term goals of sustainability and short-term ambition of the private and public sectors.  
• Visionary Enterprises: the companies of tomorrow are the one that start integrating long term 
planning in its core business as evidence of the growing numbers of green consumers. Hence all 
organisation must develop a visible long term plans. 
 
Table 3: Dimensions of societal conflict resolution (adapted by Schomberg, 2002 pp 20) 
Dimensions Interests Standards Processes Arena 
Individuals Wants/Preferences Efficiency Trade Market 
Individuals/ 
Society 
Rights Social 
Justice/Equity 
Vote/Negotiate Politics/stakeholder 
agreements 
Individuals/ 
Society/ 
Environment 
Needs/ 
Responsibility 
Ethics of 
Responsibility- 
Precautionary 
Principle/ Pursuit 
of sustainability 
Debate/ 
Mediate/ 
Transition 
management 
Long term Planning 
concerning 
sustainable 
development/Intern
ational negotiations 
 
6.  CONCLUSION 
 
Sustainable development like any other evolutionary concept has a long history. The 
spectrum of challenges and their deep-rooted interconnectivity are the justification for 
the pursuit of sustainable development. Despite increasing effort to marry the social and 
environmental challenges with economic growth, progress remains remote. The key 
main barriers to progress are (i) historical disparity between the two parts of the 
concept; (ii) lack of clarity and contradictions of the concept; (iii) time required for 
cultural change and lack of political will; (iv) differing views and conflict of interest 
among major players; and (v) inadequacy of the current societal conflict resolution 
mechanism (market and political arenas). To achieve the ultimate goal of sustainability, 
this paper reinforces the urgent need for a shift to the third arena, which facilitates a 
smooth integration of public needs (through public debates and capacity building), 
scientific evidence and policy, and extensive use of innovative tools such as 
precautionary principle (preventative measure, even without scientific certainty of major 
human or environment impairment) to ensure a high-quality decision-making process. 
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ABSTRACT 
The study proposes a systems model for the concept of sustainability. Based on the 
premise that the spectrum of challenges of sustainable development are systemic 
problems that cannot be resolved with a reductionist approach, the paper explores the 
key conceptual successions to explain the root of sustainable development. It then 
clarifies a few misconceptions concerning the Brundtland Report and highlights the 
limitations of the current widely used model of sustainability. The study collates and 
synthesises recent definitions of the concept. It then applies systems thinking to develop 
a more comprehensive model to promote the understanding and form the basis for 
further research in the application of a systems approach to the concept of sustainability. 
Keywords: Historical, Models, Sustainability, Systems, Views,  
 
INTRODUCTION 
The concept of Sustainable Development has attracted major interest since the 
publication of Brundtland Report ‘Our Common Future’ in 1987 and has become a 
commonplace term since the Earth Summit Conference in 1992. Many academics and 
practitioners are actively seeking to better define the concept. Although the Brundtland 
definition has made a major contribution in promoting the concept throughout the 
world, the need for a more comprehensive model is apparent from:  
• the growing attempt of stakeholders to further understand the concept as evidence 
from the existence of multiple definitions;  
• the limitations and narrow scope of the current model (represented with three 
overlapping circles as depicted in Figure 1) which implies, among others, equal 
weightings of the three conceptual components and fails to show that the 
environmental dimension is pre-conditional for both the social and economic 
sustainability; and  
• the fact that the spectrums of challenges of sustainable development are systemic 
problems that cannot be resolved with the traditional scientific method of the 
reductionist approach (explaining the properties of the whole system from the 
properties of the components).  
 
Sustainability is the integration of the environmental, social and economic systems to 
improve the quality of life within earth’s carrying, regenerating and assimilating 
capacity. Each of these systems has a numerous nested hierarchy of subsystems; each 
subsystem is a whole on its own and forms an integral part of a complex system. The 
properties of each of these subsystems greatly change when interact with other 
subsystems. As a result, the properties of a single subsystem cannot be used to explain 
the properties of the whole system. Hence the concept of sustainability falls beyond the 
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narrow scope of reductionism and compartmentalised specialisation. The issues 
addressed by sustainability are complex with multidimensional variables and sub-
variables. Their complexity cannot be fully understood nor managed, without a systems 
approach and strategy (Rose, 2001; Dovers and Handmer, 1992). With systems 
approach each system with their subsystems can be viewed and are always treated as an 
integral whole of their subsidiary parts, and under no circumstances “as the mechanistic 
aggregate of parts in isolable causal relations” (Laszlo, 1972 pp14). A mechanism to 
help define the systems to be integrated and view the systems hierarchy would aid 
understanding, practical application and clarify a few misconceptions surrounding the 
concept of sustainability.  
 
The paper proposes a systems model for the concept of sustainability. It sets the 
background by examining the conceptual succession of sustainability to: 
• show that the historical environmental decline, the content and structure of many 
traditional views, religious beliefs and wealth of knowledge are the key foundations 
of the concept of sustainability; and  
• emphasise the fact that the environmental system is pre-conditional to social and 
economic systems.  
The study establishes the central themes of the Brundtland Report and overviews the 
predominant model of the concept (see Figure 1) and its limitations. It then explores the 
recent evolution of the terminology to identify a common theme (see Figure 2). Finally, 
through the application of systems thinking, the paper proposes a systems model of 
sustainability in Figure 3 as an alternative to the current predominant model.  
 
SUSTAINABILITY EMERGING: the conceptual successions 
The natural environment is a self-regulatory system with a complex network of positive 
and negative feedback systems that function within the context of carrying, regeneration 
and assimilation capacity of the respective system. The realisation that natural resources 
are finite and humans need to live within a certain capacity has followed a steep 
learning curve. This section draws on the past environmental decline, traditions and 
religious beliefs, and key body of knowledge to show the conceptual root of 
sustainability and that the environmental system is pre-conditional to social and 
economic systems.  
Historically, environmental degradation, over exploitation of natural resources (Ponting, 
1991), deforestation, hazards of pollution, land degradation and chemical food 
adulteration have dogged humanity, more or less, for most of its existence (Wall 1994). 
The Old Kingdom of Egypt around 1950 BC, the Sumerians in 1800 BC, the Maya at 
about 600 AD and the Polynesians of Easter Island at about 1600 AD are a few 
examples of societies which ceased to exist due to not living in harmony with nature 
(Pointing, 1991) while lead pollution is recorded as one of the main internal factors to 
the fall of Rome (Nriagu 1994). 
 
The review of various traditional views and religious beliefs; the main repositories of 
human knowledge, apart from modern science, indicates a causal relationship with the 
fundamental doctrine of the concept of sustainability – ‘living in harmony with nature 
and within society’. The Africans (Mbiti, 1996), the Hawaiians’ traditional beliefs 
(Dudley, 1996) and many religious beliefs – Hinduism and Buddhism (Dwivedi, 1996), 
 Paper 2 
 129 
Islamic (Deen, 1996) and Christianity (Kinsley, 1996) view humanity as an integral part 
of nature, although these views and beliefs vary in context and structure. 
 
For brevity, indicative literatures of the key conceptual precursors are cited herein. 
Malthus in his Essay on the Principle of Population in 1798 addressed the concern of 
population growth and the limitation imposed by physical capacities. He argued that, 
since population grows in a geometrical fashion as opposed to agricultural output in an 
arithmetical fashion, population would ultimately exceed food resources thereby leading 
to restrictions on population growth. The Principles of Political Economy by Mill in 
1848 revealed the destructive impact of economic growth on nature. The Mountains of 
California in 1894 by John Muir gave account of the loss of biodiversity in California 
due to overexploitation.  
 
Towards the end of the twentieth century, the scale of environmental concern 
expounded. Other indicative landmark publications are The Silent Spring in 1962 by 
Rachel Carson, which challenged the environmental impact of our scientific and 
technological progress and the Population Bomb by Paul Erhlich in 1968. The Limits to 
Growth in 1972 by Donella Meadows, though much criticised for the assumption of the 
computer model, confirmed the long-term environmental impact of economic and 
population growth. Small is Beautiful by Schumacher (1973) was concerned about the 
exhaustion of the world’s resources and advocated for the use of appropriate 
technology. Of equal importance are the direct signals, such as, the discovery of the 
ozone layer and the Chernobyl nuclear power station catastrophe in Russia. 
 
Sustainability demands a shift to a new perspective; the need to recognise our place in 
the ecosystem by living in harmony with nature. This perspective is realised through the 
bridging of many previously disparate ideas, (Hardi and Zdan, 1997) views and 
disciplines. The historical environmental decline, the content and structure of many 
traditional views and religious beliefs, and body of knowledge, particularly towards the 
end of the twentieth century, are the crucial tenet of the contemporary concept of 
sustainability. The Brundtland Report Our Common Future brought the concept of 
sustainability to the political arena.  
 
THE CENTRAL THEMES OF THE BRUNDTLAND REPORT 
The main political dilemma of the Brundtland Report (1987) is the integration of 
environmental and social decline with the desire for economic development in the South 
and economic growth in the North. The report brought the concept and phrase 
‘sustainable development’ to prominence towards the end of the twentieth century. 
Therefore, Brundtland’s definition ‘development that meets the needs of the present 
without compromising the ability of the future generations to meet their own needs’ is 
the reference point of contemporary discussion: the two key concepts are: 
• the needs, especially of the poor, deserve uppermost priority – implies 
intragenarational equity; and  
• the idea of environmental limitations – leads to concern for intergenerational 
equity. 
However, since the publication of the Brundtland Report, the concept has attracted 
much criticism, such as, vague, incompatible, meaningless and lack of practical 
application. The major reason for this criticism stems from the historical difficulty of 
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defining development. It means different things to different people. To some it implies 
human development through improving education, decent health care, infrastructure and 
the provision of basic needs while to others it is about material consumption through 
economic growth (Dresner et al., 2002). 
 
The underlining message in Our Common Future is the reorientation of development 
and economic growth to meeting people’s basic needs. The report acknowledges that 
the interpretation of economic and social development will vary from developed and 
developing countries, market oriented and centrally planned market but suggests that 
any interpretation must share certain features and consensus on the basic concept of 
sustainable development. Meaning is context-dependent (Wilber, 2000). Sustainable 
development is contestable and has many basic meanings like many other political 
objectives such as liberty, social justice and democracy, which attract multiple 
competing interpretations (Jacobs, 1991). The difficulty in reaching consensus on the 
meaning of sustainable development is not necessarily about reaching consensus on a 
clear-cut definition, but rather on the values that would underlie any such definition 
(Dresner, 2002). As long as a general consensus exists amongst a language community, 
every word has a meaning.  
 
THE PREDOMINANT MODEL OF SUSTAINABLE 
DEVELOPMENT 
The predominant model used to describe the concept of sustainable development has 
been depicted in Figure 1 below. The model is predominantly used because of its 
conformity with conventional divisions of discipline, knowledge and the resultant 
division of empirical information (Walter and Wilkerson, 1998). The dotted circle 
represents the contemporary economic model, the major cause of the unsustainable 
pattern of production and consumption, base on the ground that the natural, economic 
and social systems are divorced and non-interrelated. Contrary to this belief, a detailed 
analysis of the situation accurately suggests that the three systems are interlinked thus:  
• the linkage between the natural and social system forms socio-ecological 
interactions;  
• the linkage between the social and economic system forms socio-economic 
interactions;  
• the linkage between natural and economic system forms eco-developmental 
interactions; and  
• the intersection zone of the three systems (SD) is the process of achieving the 
decisive goal of sustainability to ensure intergenerational and intragenerational 
equity. 
 
 
 
 
 
 
 
 
 
Social 
system 
Economic 
system 
Natural 
system
SD
Eco-
development Socio-
ecological 
Socio-economic
Key 
SD: sustainable 
development
Figure 1: The predominant model of sustainable development
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This model is a highly influential and helpful tool, but has limitations such as its 
graphical representation and narrow scope. Representation of the triple bottom lines 
with the three overlapping circles implies equal weighting, thus failing to underline the 
basic doctrine of sustainability that is the environmental system is preconditional for the 
other two systems. The model is a gross simplification, lacking sufficient information 
and the cause of the current misconception that economic sustainability (increasing 
profit and GDP) is prerequisite to environmental and social sustainability. 
 
RECENT EVOLUTION OF THE TERMINOLOGY 
There are multiple definitions for the concept of sustainability. Back in 1994, Holmberg 
(1994) recorded over 80 definitions of sustainability. Over the span of four years, this 
number has doubled itself to 160 (Hill, 1998) and currently rumoured over 200 (Parkin, 
2000). It is not intended herein to validate the existence of over 200 definitions. Suffice 
it to say that a few definitions vie for supremacy. Sustainable development encompasses 
deeper and wider issues and there is no single and all-encompassing definition 
available. The review of the recent evolution of the terminology facilitates the 
development of a more comprehensive model (Figure 2). The model shows the deep-
rooted interconnectivity of the three key systems. At the apex of the model is the 
environmental system indicating that environmental sustainability is pre-conditional to 
the social and economic systems. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Model of sustainable development based on recent definitions 
 
The principle of intergenerational and intragenerational equity are implicitly 
encapsulated in Brundtland’s definition of sustainable development, and explicitly 
defined in the revised definition of the Rio Declaration on Environment and 
Development “to equitable meet developmental and environmental needs of present and 
future generations” (UNCED, 1992). Sustainable development is a quest for new ways 
of thinking (Groenewegen et al, 1996). Pearce et al., (1989) proposes three concepts of 
achieving sustainable development. These are environment, futurity and equity. The 
environmental value substantially increases the real value of the natural, built and 
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cultural environments. The futurity involves concerns for short and medium as well as 
longer term that will ultimately impact on the inheritance of future generations and their 
quality of life. The equity places emphasis on two issues; firstly the intragenerational 
equity, that is, provision for the needs of the least advantaged within society (also 
between societies and countries) and secondly, the intergenerational equity advocates for 
fair treatment of future generations. 
 
Sustainability embodies the promise of societal evolution towards a more equitable and 
wealthy world in which the natural environment and our cultural achievements are 
preserved for the generations to come” (Dyllick and Hockerts, 2002 pp130). 
Munasinghe (1993) suggested economic, ecological and socio-cultural as three 
approaches to sustainable development. The economic approach to sustainable 
development is to maximise the flow of income while maintaining the stock of the 
assets (or capital). The ecological approach protects biological and physical systems. 
The socio-cultural concept stabilises the social and cultural systems and reduces the 
destructive conflicts for both intra- and intergenerational equity.  
 
A SYSTEMS MODEL OF SUSTAINABLE DEVELOPMENT 
The concept of a system is “the idea of a whole entity which under a range of conditions 
maintains its identity, provides a way of viewing and interpreting the universe as a 
hierarchy of such interconnected and interrelated wholes” (Checkland, 1999 pp14). A 
system is composed of subsystems, and belongs to suprasystems, which can be referred 
to as nested or growth hierarchies (Wilber, 2001). In a whole system nothing is 
irrelevant. The parts are integrated into a different, more complex and generally more 
competent thing by virtue of their relationship to each other in pursuit of a common 
goal. A whole system view of the concept of sustainable development would include all 
the factors involved to examine their relationship and how they work as a whole. 
 
Sustainability is the suprasystem; composed of environmental, social and economic 
systems. The nested hierarchy of the subsystems of the environmental system are atoms 
to molecules, to cells, to organisms, to ecosystems, to biosphere, to universe. Each of 
these units, irrespective of the level in the hierarchy, is absolutely vital for the entire 
sequence - destroy all atoms and you simultaneously destroy all molecules, cells, 
ecosystems, and so on (Wilber, 2001). In sociological terms, “a social system is a 
system of individual human beings who are involved in social relations with each other” 
(Lopez and Scot, 2000 pp46). It is a network of interactive relationships. The nested 
hierarchy of the subsystems of the social system are individual to family units to local 
communities and so on. Similarly, the economic system has a nested hierarchy from 
firms to sectors, (for instance the construction industry), to local economy, etc. 
 
Key Features and Benefits of a Systems Approach 
The key features of a systems approach are: the emergence of unique properties which 
are critical for understanding the system as a whole but may have little or no meaning in 
terms of constituent parts; a hierarchical structure in which systems are nested within 
other systems; and processes of communication, feedback, and control that facilitate 
adjustment and adaptation in the face of stress (Hardi and Zdan et al, 1997). The 
benefits of this approach are multifaceted. It makes certain unique properties visible that 
are invisible when looking at the constituent parts individually from a reductionist 
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approach. It facilitates the testing of the overall welfare of the whole system, which is 
impossible by independent analysis of the parts. This is crucial as any action to adjust 
the system can only be effective if the integrated set of factors affecting the system, 
such as stress imposed on the ecosystem by human activity, is wholly considered. Also, 
the ability to sustain an overall perspective on the whole system assists development of 
a facility to “anticipate and prevent” as opposed to having to retrospectively “react and 
cure.” 
 
As can be observed in Figure 3, the proposed system model shows that: 
• Each system has a nested hierarchy as indicated with the dotted lines. Each part of 
the system is a whole on its own but becomes a part of a system when met with 
another part. The whole system is greater than the sum of its constituent parts and 
each part is critical for the existence of the whole system. Each system is 
interconnected to form a complex suprasystem.  
• The environmental system provides life-supporting services (climate regulation, 
geochemical cycling, ecosystem maintenance), exhaustible and renewable resources 
(fossil fuel, minerals, metals and other raw material). In the absence of these 
services and resources, social and economic systems can never be possible. 
• The economic system depends on the human and physical resources from the social 
system while the social system relies on the economic system for the transformation 
of raw material for consumption. Both systems interact in the market facilitated by 
the socio-ecological conditions. 
• According to the laws of thermodynamics, matter and energy can neither be 
destroyed nor created though may be transformed. The economic and the social 
systems transform resources into waste (residual, heat, end of life and so on). 
Resources and waste are in due course the same in total. They differ only in entropic 
value (resources have low entropy while waste has high entropy) (Jacobs et al., 
1991). Waste is stored and assimilated through the environment system. 
• The environmental, social and economic systems are closely linked, interact and 
overlap. The depletion of forests affects climate regulation, biodiversity and raw 
material supplies. Pollution reduces available resources, disrupts ecosystems and 
impairs human health. Climate change can reduce soil productivity and impact on 
the built environment. These interconnections indicate the ‘wholeness’ of the 
systems and crucial feature of the relationships between the systems.  
• Eco-development; the current economic model, describes the transition from 
traditional societies to the affluent life style of capitalist societies through resource-
intensive consumption, within developed countries, which the Third World 
countries aspire to. This model is the cause of emission of ozone-depleting 
chemicals and the source of other major challenges, which threaten the global 
atmosphere and other life-support systems. The environmental system is 
approaching its limit. Sustainable development emerged as a possible solution. 
• In this context, sustainable development can be defined as the process of achieving 
sustainability through integration of environmental, social and economic systems to 
improve the quality of life within earth’s carrying, regenerating and assimilating 
capacity to ensure intra- and intergenerational equity. This involves maintaining 
socio-ecological balance between environmental (the pre-condition for the other 
two systems) and social systems, which provides the platform for socio-economic 
activities.  
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Sustainable Development Assessment: model in practice 
There are number of models for assessing sustainability or the quality of community life 
(e.g. Murdie, 1992; LGMB, 1994; Hodge, 1996; Maclaren, 1992). However, most of 
these approaches have shortcomings in assessing community sustainability (Walter and 
Wilkerson et al, 1998). According to Walter and Wilkerson (1998) the productive 
approach to assessing community sustainability must be:  
• broadly applicable at all levels including municipal and region;  
• comprehensive in identifying steps and sustainability issues relevant to the 
community and stakeholders’ interests and values;  
• adaptive to local situations;  
• accessible to specialists, policy makers, as well as, the general public; and  
• system oriented.  
The assessment of sustainability requires a review of the whole system as well as its 
constituent parts. Information must be gathered on the three systems and their 
subsystems, that is, on human welfare, ecosystem and the economic systems - their state 
as well as the direction and rate of change of that state, of their constituent parts, and the 
interaction between parts. Consideration must be given to both positive and negative 
consequences of human and ecological systems, in monetary and non-monetary terms 
(Hardi and Zdan, 1997). The system model establishes interaction of the three system 
dynamics of sustainability. 
 
CONCLUSION 
Sustainability demands a shift to a new perspective; the need to: recognise our place in 
the ecosystem by living in harmony with nature; and integrate continuing socio-
economic development with environmental protection. This perspective is realised 
through the bridging of many ideas, traditional beliefs and religious views and 
disciplines. The Brundtland Report promotes a debate on this new perspective. The 
critical review of Brundtland Report clarifies a few misconceptions. The underlining 
message in Our Common Future is the reorientation of development and economic 
growth to meeting people’s basic needs. 
 
This paper has attempted to advance the understanding and practical application of the 
concept of sustainability by presenting a systemic model of the concept, which shows 
the interrelationship between the three systems and the importance of each subsystems 
to the complex suprasystem.  In addition, it clearly emphasised the fundamental 
doctrine of sustainability that the environmental system is pre-conditional to social and 
economic systems. What the present economic model and the current predominant 
model fail to convey. The paper established the major limitations of the predominant 
model and highlighted the key features and benefits of the systems approach. 
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ABSTRACT 
The UK Government, like most national governments, is committed to sustainable development but 
realises that industries are vital to achieving sustainability. Consequently, businesses and industries are 
facing increasing pressure from both the government and public to redefine their production and project 
delivery processes. The increasing use of rigorous mixtures of policy instruments and growing public 
awareness regarding the unsustainable pattern of production and consumption as evident from increasing 
numbers of green consumers are major drivers of corporate sustainability. Despite confusion around the 
concept of sustainability, the notion of corporate responsibility for sustainable development is emerging, 
with corporate social responsibility forming the central theme. By posing the question ‘is corporate 
sustainability here to stay?’ this paper aims: to explore the trends in the conceptualisation of corporate 
sustainability in the construction industry. The paper provides insight into the concept of corporate 
sustainability and proposes a framework with practical application. It examines potential future trends of 
corporate sustainability. It then concludes by suggesting that: in the near future, a business licence to 
operate could be conditional upon the alignment of business processes in tune with the principles of 
corporate sustainability. Thus, the construction companies of tomorrow will be those that are already 
proactively engaged in corporate social responsibility. 
 
Keywords: concept, framework, paradigm, capital, responsibility, system 
 
INTRODUCTION 
The concept of sustainability has emerged through the desire to shift away from 
traditional business practices based on maximising economic growth to practices that 
focus more on maximising the present generation’s quality of life without damaging the 
resources required to sustain future generations. However, sustainability success 
depends upon the following main areas of consensus (Brundtland, 1987 and Bowers, 
1997): 
• Intra- and intergenerational equity through meeting the basic needs of present 
generations without jeopardising those of future generations, by aiming for fair 
distribution of costs and benefits of the natural resources use and environmental 
protection. 
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• Integrity of the atmosphere being maintained through reduction of pollution 
substances instigating destruction of the stratospheric ozone layer, climate change 
and global warming. 
• Maintenance of biodiversity of wild plants and animals and ecosystem diversity 
that plays a strategic role in human welfare. 
• Prudent use of stock of resources such as exhaustible and renewable resources 
through improvements in the efficiency of use and extraction, and development of 
renewable and reproducible alternatives. 
• Cultural integrity through conservation of landscapes, historical and 
archaeological sites and structures, and improving the built environment. 
 
An extensive review of recent definitions of sustainability has been undertaken 
elsewhere (see Adetunji et al., 2003). For brevity, a few definitions have been cited 
herein. Sustainability “embodies the promise of societal evolution towards a more 
equitable and wealthy world in which the natural environment and our cultural 
achievements are preserved for generations to come” (Dyllick and Hockerts 2002 
pp130). Put simply, “sustainability is the principle of ensuring that our actions today do 
not limit the range of economic, social, and environmental options open to future 
generation” (Elkington, 2002 pp20). The key to successful sustainable development is 
the effective integration of economic activity with social and environmental needs. The 
DETR (2000) has acknowledged that businesses, particularly the construction industry, 
have a major role to play in delivering sustainable development. The application of 
sustainable development to businesses and industries is referred to as corporate 
sustainability. Increased public awareness and the shifting balance of power away from 
the market to the public (as represented by Government and activist) serve as a proxy 
for corporate sustainability (CS), which is growing into a powerful agenda (Draper 
2000; Weiser and Zadek, 2000).  
 
‘Is corporate sustainability here to stay?’ Dyllick and Hockerts (2002), in view of the 
confusion surrounding the concept of sustainability, advocate the need for publications 
building a systematic theory of corporate sustainability. From these bases, the paper 
explores the trends in the conceptualisation of corporate sustainability by: 
• providing conceptual insight into corporate sustainability and reframing the 
predominant model of sustainability based on economic, social and environmental 
dimensions into resources and capital terms that businesses can perhaps better relate 
to;  
• developing a more robust conceptual framework for corporate sustainability (see 
Figure 1) that shows the interdependency and interconnectedness of these capitals 
and resources, as well as the practical application for the proposed framework; 
• drawing on the scope and global implementation strategy to show the future trends 
of policy instruments for achieving sustainability; 
• overviewing the emergence of the corporate sustainability and the phases of 
business response to sustainability agenda, as shown in Table 1; and 
• finally, the paper dwells on various research conclusions relevant to the construction 
industry to show that the industry is shifting towards: a new paradigm; New 
measures of business performance; and new value perspectives as indicated in 
Figure 2. 
 
Sustainable Construction: A Web-based Performance Assessment Tool 
140 
CONCEPTUAL INSIGHTS INTO CORPORATE SUSTAINABILITY 
Sustainability focuses on improving the quality of life within the earth’s carrying, 
regenerating and assimilating capacities to ensure equity within the current generation 
(intragenerational equity) and between the present and the future generation 
(intergenerational equity). This involves maintaining balance between environmental 
and social systems that provides the platform for socio-economic activities. 
Sustainability provides the means for long-term continuance (Wilsdon et al, 1999). 
From these premises corporate sustainability (CS) can be defined “as meeting the needs 
of a firm’s direct and indirect stakeholders (such as shareholders, employees, clients, 
pressure groups, communities etc), without compromising its ability to meet the needs 
of future stakeholders as well” (Dyllick and Hockerts 2002 pp130). 
 
CS focuses on meeting the needs of the present corporate stakeholders (intra-
stakeholder equity) within the earth’s carrying, regenerating and assimilating capacities 
to ensure long-term continuance so that the needs of the future stakeholders (inter-
stakeholder equity) can be met. Embedded in this definition is the integration and 
management of the economic, social and environmental capital; and development of a 
long-term business model to (replace the predominant short term) ensure long-term 
survival. How can we then define corporate social responsibility (CSR) and differentiate 
between CS and CSR? CSR is an integral part of CS and both are notoriously difficult 
to differentiate.  
 
However, some sense can be made using the ‘stress’ and ‘response’ analogy. CS 
involves issues such as corporate impacts on economic, social and environmental issues 
while CSR is about the stakeholder views and responses. Therefore CS is about 
corporate addressing the question ‘what am I responsible for? While CSR is about ‘who 
am I responsible for?’ (Henriques, 2002). CS is about corporate stress on the 
sustainability tripartite while CSR is about the stakeholders’ response to corporate 
impact on sustainability issues. Hence CSR encompasses a wide range of issues, such 
as, the treatment of employees, local communities’ investment, environmental 
performance, human rights, and ethical conduct with competitors, suppliers, customers 
and clients.  The two concepts are complementary. The rest of this section discusses the 
systematic theory of corporate sustainability, develops a conceptual framework with a 
case for corporate sustainability and suggests its practical application. 
 
Conceptual framework: sustainable resources and capitals 
In order to achieve corporate buy-in to sustainability, terminology must align to current 
business needs and perspectives. Against this background, various attempts have been 
made to express the predominant models of three overlapping circles in terms of capital, 
resources and income (Ekins et al. 1992; Seregeldin and Steer, 1994; Parkins, 1999 and 
2000a; Wilsdon, 1999; Dyllick and Hockerts, 2002; Elkington, 2002). The framework 
in Figure 1 collates and builds on these works. 
 
According to Marx, the economic resources become economic capital when they can be 
accumulated and invested for the further accumulation of profit (Mattick, 1971). The 
extension of this notion to the other two components of sustainability means that: 
• social resources can be described as social capital when they can be used to 
accumulate further social, economic or environmental capital; and  
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• natural resources can be described as natural capital when they can be used to 
accumulate further social, economic or environmental capital (Prugh et al, 1995).  
The aggregation of the three capitals is referred to as the overall volume of capital. At 
all levels, the requirement to uphold the resources and capital basis; that is consuming 
income and not the capital is precondition to long-term survival. This condition holds 
true at global, national, as well as, corporate levels for successful organisational 
management (Dyllick and Hockerts, 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Interdependency and interconnectedness of the systems 
Various leading-edge thinkers have sought to prove the link between corporate 
sustainability and firm profitability (e.g. Zadek and Weiser, 2000; 
SustainAbility/UNEP, 2001). As will be shown below, the interdependency and 
interconnectivity as well as non-substitutability and irreversibility of the capitals build 
the business, natural and societal case for corporate sustainability. The framework in 
Figure 1 illustrates the complex interaction, independency, interconnectedness between 
the sustainability tripartite and demonstrates how the socio-ecological-economic 
systems function as a whole. A cursory view of the framework shows the 
subcomponents of the three capitals and their interconnectedness. The social capital 
provides the economic capital with the necessary labour, savings, investment to process 
the raw material and energy extracted from the environmental capital. In turn, the 
economic capital returns waste and emissions to the environmental capital to assimilate 
and social capital with goods and services for consumption, interest and wages.  
 
Environmental capital is at the hub of the system, providing renewable and exhaustible 
ecological resources, which serve as raw material for human economic activities. It also 
acts as a sink to assimilate and regenerate residuals (emissions and waste products) - for 
instance, forests extract CO2 from the air and return oxygen to the economic and social 
systems. However, where residual exceeds the assimilating capacity of the environment, 
damage, in the form of pollution, occurs. Depending on the significance of this damage, 
economic activities and the social system can be severely impaired. The environment 
Figure 1: Conceptual framework: Capital stock and resources 
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supports life on Earth. Economic and social capital, therefore, are greatly affected if the 
environment is degraded or the resource base significantly diminished.  
 
The market valuation of a corporation is derived from the three subcomponents of 
economic capital that is (physical capital) financial and tangible capitals form one part 
of the valuation; the intangible capital such as reputation, brand, trust, credibility, know-
how, the ability to interact, work in partnership with stakeholders and so on forms the 
other crucial part. There are subtle interdependencies between an organisation’s social, 
environmental and economic capitals, as demonstrated by the many examples of 
corporations that have seen dramatic impacts on their market valuation when being 
accused of environmental pollution, using child labour, human rights abuses, health 
risks and so on. The value of an organisation’s intangible capital is highly influenced by 
the ability to manage the environmental and social capital, particularly with the growing 
numbers of green consumers. 
 
Non substitutability and irreversibility of capitals 
The extent to which the three capitals can be substituted and replaced has attracted 
heated intellectual debates (Minsch, 1993). The conventional economic theory assumes 
all input factors of production (economic, social and natural capitals) can be translated 
into monetary units, which means absolute substitution of these factors. Contrary to this 
belief, there is a limit to which the three capitals can be substituted with technological 
advancement (Dyllick and Hockerts et. al, 2002). There is a limit to which economic 
capital can replace natural capital (Daly, 1991; Jacob, 1991) and social capital. Though 
it is possible to substitute some ecological resources through technological innovations, 
the ecosystem services, such as, climate regulation and so on can never be replaced. 
 
Similarly with social capital, there is a limit to which human capital can be substituted. 
For example the replacement of labour with robots, motivation and loyalty of 
stakeholders using economic incentives will reach a saturation point. This is even more 
apparent with societal capital- the epicentre of socio-economic activity. Without 
adequate infrastructure, education and health facility no firm can flourish in a society. 
According to the resource-based-view of the firm (Barney, 1991; Kay, 1993), certain 
capabilities of a firm can neither be duplicated nor substituted by others. This implicitly 
means that some social capital cannot be easily substituted (Dyllick and Hockets, 2002). 
 
The natural and social capitals are irreversible once degraded. For instance, the loss of 
cultural integrity, biodiversity and destruction of stratospheric ozone layer to mention a 
few is definite. The depletion of many ecological resources is simply irreversible 
(Jacobs, 1991). Extinct species cannot be brought back to life, although it can be argued 
that irreversibility is not necessarily absolute as technology advances. However, the 
time scales involved, justifies the claim of irreversibility, for example, to reinstate 
destructed tropical forests, (though lacking many extinct species) or to reverse current 
climatic trends requires several hundred years. Obviously, the interdependency and 
interconnectedness of the capitals on one hand, and their non-substitutability and 
irreversibility on the other, present a formidable case for corporate sustainability. 
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Practical application of framework 
Research has shown that one of the main reasons for little progress, in terms of the 
practical application of the concept of sustainability in the construction industry, is the 
lack of detailed framework (Adetunji 2002, CRISP 2000). It is worth reinforcing the 
fact that the interactions of economic, social and environmental systems are complex 
and dynamic with multi-variables and sub-variables. The summation of these three 
systems is multidimensional in nature (Adetunji et al., 2003) than just adding the three 
systems (Rose, 2001; Samson, 1995). The call for a detailed and all-encompassing 
framework is equivalent to demanding the mere addition of the three components. The 
spectrums of challenges of sustainability are multifaceted and no concept definitions 
and framework can provide us with a blue print of steps to follow other than a robust 
and logical intellectual framework (Perkins, 2000a).  
 
The above framework does provide insight into the system’s dynamics, their complex 
interaction, independence and interconnectedness, and how the socio-ecological-
economic systems function as a whole in the market environment. It provides a robust 
and logical framework within which corporate sustainability initiatives, projects and 
processes can be defined, measured and targets set. Through posing questions that 
examine the impact of any proposed or corporate action on each of the capitals, any 
negative impacts should be exposed and the characteristics of any inevitable trade-off 
can be explored (Parkins 2000a). Among various questions that could be asked are 
(Elkington, 2002): What are the critical forms of capitals in terms of our ability to 
become a sustainable corporation? What are the underlying trends in terms of the 
creation, maintenance, or erosion of these forms of capital? How can we ensure that 
human or intellectual capital does not migrate out of the organisation? In these contexts, 
Dyllick and Hockerts (2002) suggest six areas of indicators: eco-efficiency, socio-
efficiency, eco-effectiveness, socio-effectiveness, sufficiency and ecological equity for 
developing corporate sustainability strategy. The questions for indicators can include 
such issues as the level of pollution, the impact on the biodiversity, level of waste, 
resource consumption and available alternatives, use of energy, contribution to societal 
and human capital (impact on health and safety, effect on local community), 
contribution to local economy, and so on (see CIRIA C563, 2001; CIRIA C571, 2001 
and Hill et al., 1997). 
 
FUTURE TREND OF CORPORATE SUSTAINABILITY 
Government’s increasing use of policy instruments, especially informational policy, has 
raised public and corporate awareness. The notion of corporate sustainability is 
emerging with corporate social responsibility forming the central theme. This part of the 
paper identifies the future trends of policy instruments for achieving sustainability. It 
overviews the emergence of corporate sustainability and the phases of business response 
to sustainability agenda. It then draws on various research conclusions relevant to the 
construction industry to show a shift to a new paradigm. 
  
The trends of policy instruments for achieving sustainability 
The scope and implementation of sustainable development has evolved over the past 
few decades. The Stockholm Summit (1972) focused solely on environmental issues 
and business was not present at all. At the Earth Summit (1992), the focus broadened to 
include both environment and development; and grass root buy-in through Local 
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Agenda 21 and development of national strategy was the key outcome. Political leaders 
and national government representatives dominated the events while business was in the 
margins. In Johannesburg Summit 2002, for the first time, business was at the hub of 
events. 
 
The rationale for widening the scope of participation is embedded in the fact that 
through participation, local communities and businesses will acquire property rights in 
sustainable development to avert the ‘tragedy of the commons’ (Bowers, 1997). The 
concept of the ‘tragedy of the commons’ states that goods and service with no owners or 
commonly owned resources and ecosystem services can be easily overexploited to 
levels that are no longer profitable to exploit (Hardin, 1968). Commonly held resources, 
such as fish populations in the sea, forestry, air, water, and genetic resources are not 
privately owned, but rather owned by an entire country or group of people. The effect of 
increasing CO2 emissions and other pollutants on global warming, dumping of waste in 
the ocean are examples of tragedy of the common. Without some kind of defined 
property rights and government action to regulate the behaviour of individuals, a 
tragedy of the commons cannot be averted. 
 
The conventional solution is for the Governments to take the property rights, backed by 
market based policy, command and control instruments and voluntary agreements. The 
privatisation of goods or bringing such goods in territorial ownership has positive 
environmental effects - as those goods will be taken care of (von Schomberg et al., 
2002). In order to prevent overexploitation through private ownership, innovative 
market-based instruments such as tradable emission or pollution rights that allow for 
setting overall limits for exploitation or pollution are coming into mainstream. For 
example, in the Kyoto process, internationally tradable permits were intended to play a 
major role in international environmental policy, with other related market-based 
instruments like ‘Joint Implementation’ and ‘Clean Development Mechanism’ projects. 
At corporate level, it can be deduced that the near future will see more initiatives to 
encourage businesses and local participation, as well as, wider use of upcoming 
innovative market based instruments like emission trading, joint implementation and 
clean development mechanisms once the allocation mechanisms are sorted out. 
 
Emergence of corporate sustainability 
Up to the beginning of this century, company strategies were directed primarily towards 
earning the maximum return for shareholders and investors. Businesses were not 
expected to achieve any social or environmental objectives. Exploitation of natural and 
human resources was the norm in many industries, as well as a lack of regard for the 
well being of the communities in which the enterprise operated. This can be linked to: 
the fact that development and environmental, historically, are two distinct paradigms 
and many organisations view sustainable and development as incompatible; disparity in 
the balance of power between business and public bodies; historical measures of 
corporate performance- shareholders value creation. Today, business enterprises in 
developed countries operate in a more complicated, and more regulated environment. 
 
Increasingly, stakeholders are exerting pressure on the industry to be more accountable 
for its social and environmental impacts, as suggested by the ever-growing numbers of 
green consumers. This new paradigm can be attributed to the increasing awareness of 
the global challenges (Drapper, 2000), balance of power where power must expect to be 
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challenged and where transparency is recognised to be best for both markets and society 
(WBCSD, 2000). There is no indication that the pressures will subside, but for certain 
intensify, as the profile of corporate sustainability increases. Parallel to this, (and/or as a 
result of) the desire to maintain and enhance corporate reputation and image is 
becoming another key driver.  
 
Business strategy in response to sustainability agenda 
The choice of corporate strategy is influenced by the macro-environmental factors 
(Johnson and Scholes, 2002). “In the developed world, the business response to the then 
emerging environmental issues and later to the idea of sustainable development has 
gone through three phases” (Azapagic and Perdan, 2000 pp244). The evolution of 
business strategy in response to sustainability agenda including the drivers and solutions 
has been depicted in Table 1 below. In the industrialised countries, the response to the 
then environmental and emerging sustainability issues was characterised by an ad hoc 
and incremental approach. The first phase dealt with the most acute problems using an 
end-of-pipe and clean-up approach. High cost and legislative pressure led to the second 
phase; a shift from dilute-and-disperse (through clean-up technology) to eco-efficiency 
and clean technology (Parkins, 2000b). Through increasing public awareness the third 
phase emerged. The scope widened from thoughtless exploitation of resources and 
ecosystem services, to encompass broader issues as shown in Table 1. 
 
Table 1: The Phases of Business Response to Sustainability 
Phase Time 
frame 
Context Driver Solution Type of 
Strategy 
I Early 
1970’s to 
mid 
1980’s 
Improved 
environmental 
performance 
Government 
regulations and 
legislation 
End-of-pipe and 
clean-up approach 
Reactive 
II From mid 
1980’s to 
early 
1990’s 
Environmental 
and economic 
 Above solution too 
cost intensive; 
Pressure from 
legislative systems; 
legal fines and 
penalties; Potential 
cost saving and 
increase profit 
Eco-efficiency: 
pollution and cleaner 
production through 
reduction of waste at 
source and efficient 
use of resources 
Gradual 
shift from 
Reactive to 
Proactive 
III Starting 
from mid 
1990’s till 
present 
Improved 
environmental, 
economic and 
social 
performance 
As above + increasing 
stakeholders 
awareness.  
Eco-efficiency + eco-
effectiveness + socio-
efficiency + socio-
effectiveness + 
ecological equity + 
sufficiency + 
performance reporting 
= corporate 
sustainability 
(corporate social 
responsibility) 
Proactive 
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The paradigm shift: UK construction industry and sustainability 
In the 1980’s, when the West was catching up with the quality movement, Japan as the 
exemplar, it could be argued that only three measures of excellence were necessary to 
achieve competitive advantage; (i) Quality: highest quality of products and services; (ii) 
Cost: lowest cost in relation to quality; and (iii) Timely delivery: just in time delivery to 
customer satisfaction. Today these three measures of excellence are just about sufficient 
for market entry- not for survival, let alone competitive advantage. The reason for this 
paradigm shift is inherent in the fact that everybody is doing it (Morton, Newall and 
Sparkes et al, 2001). Other factors, as indicated in Figure 2, are becoming crucial for 
survival and competitive advantages. 
 
This paradigm shift is becoming more apparent even in the construction industry where 
traditionally contracts are procured purely on the lowest cost criteria. The industry is 
shifting from lowest-price wins to multi-criteria selection practices in the contractor 
selection process. Research reveals that clients are increasingly demanding the best 
possible value from contractors and there is a realisation that contract procurement on 
the basis of lowest-price does not necessarily achieve this (Wong, Holt, and Cooper, et 
al., 2000). The term ‘value’ in this context is a function of contractors’ positive 
characteristics such as technical; managerial; health and safety; financial; plant and 
human resources; and past performance, in providing scope for achieving the client’s 
objectives.  
 
The construction clients are becoming more aware that incorporating sustainability 
issues in contract selection criteria can radically reduce risk and substantially, and 
improve the chances of obtaining value for money. The recent semi-structured interview 
of three of the UK top-five construction industry confirms that the construction industry 
is beginning to integrate sustainability thinking in their project delivery process, 
measure and report their performance due to market opportunities as sustainability 
issues are becoming major part of tender selection criteria (Adetunji, 2002). As a result 
of this paradigm shift, the Institute of Civil Engineers (ICE) has responded by making 
sustainability literacy a core tenet of ICE charter, which aim to empower civil engineers 
with knowledge to strive for the objective of sustainability at all stages of design, 
construction and post occupancy (NCE, 2003). This new paradigm is depicted in Figure 
2 below. 
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Sustainable development demands a balance of human aspiration to live as we please 
within an increasing set of economic, social, and environmental constraints. The 
construction industry is crucial to achieving sustainable development, as the industry 
unsustainable pattern is enormous (BRE, 2000; DETR, 2000 and Sjostrom, 1998). 
Changes are inevitable. It requires a steady and step shift from the present orientation of 
unacceptable level of production and consumption pattern to balancing the triple bottom 
line in the medium term and finally full integration of the triple bottom line in the long 
term. The present focuses of our entire system would have to shift from increasing 
economic growth to maximising the quality of life. Growth in terms of physical 
expansion would need to give way to development measured as qualitative 
improvement. Time and space will need to lengthen and shifting the calculus from 
short-term maximisation to long-term optimisation (Roome et al, 1998). To achieve 
sustainable development, we need to display greater responsibility for the natural capital 
on which all life depends, for each other as a single human community, and for the 
future generations. 
 
Sustainable construction (the application of sustainable development to the construction 
industry) has been driven and enforced by the government through regulatory, 
voluntary, incentive based, informational and cooperative instruments, for example 
climate change levy, landfill tax, naming and shaming policy to mention a few. 
Stakeholders are becoming more aware of the global challenges and are using their 
power to exert pressure on companies. A shift in distribution of power between 
stakeholders and organisations is emerging. There is more emphasis on efficient use of 
resources, whole life costing, integration of supply chain, better-constructed homes, 
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Figure 2: The New Paradigm – new value perspective 
Sustainable Construction: A Web-based Performance Assessment Tool 
148 
sustainable transportation system and use of renewable energy to enhance 
competitiveness and the quality of lives in the 21st century. 
 
CONCLUSION 
A good understanding of the relationships between environmental, social and economic 
systems is fundamental to practical application of the concept of sustainability. The 
environmental system is a prerequisite to economic and social activities. It provides the 
necessary input; raw material to economic and social system and assimilates the waste 
generated from production and consumption processes. The economic and social 
systems cannot function without the environmental resources. The environmental 
system operates within certain limits. Under these premises a framework with practical 
applications has been developed, with terms businesses can perhaps better relate to. The 
goal of this paper is to explore the trends in the conceptualisation of corporate 
sustainability. Firstly, this paper provides insight into the concept of corporate 
sustainability. It proposes a more logical framework, which sheds light into the systems’ 
dynamics, their complex interaction, and how the socio-ecological-economic systems 
function as a whole, in the market environment. A framework, within which corporate 
sustainability initiatives, projects and process can be defined, measured and targets set.  
 
Secondly, the paper investigates the future trend of corporate sustainability. The 
emphasis on grass root participation highlighted at the Earth Summit in 1992, the 
unprecedented participation of businesses in the 2002 Global Summit in Johannesburg 
and the role of new policy instruments in the Kyoto process are evidence that the near 
future will see more initiatives to encourage businesses and local engagement. 
Moreover, there will be increasing use of upcoming innovative market based 
instruments like emission trading, joint implementation and clean development 
mechanisms, once the allocation mechanisms are sorted out. Beyond this evidence, the 
reviews of the transformation phases of corporate sustainability, business strategy in 
response to sustainability agenda shows a parallel development of another trend in 
public awareness which demand greater transparency and propensity to widen the scope 
of corporate liability.  
 
The review of various research conclusions in the construction industry indicated a 
paradigm shift to a new value perspective. Social changes and policy instruments steer 
this new value perspective. The concept of sustainability is becoming a crucial part of 
project procurements and sustainability literacy of civil engineering professionals now 
form a major tenet of ICE charter. The fact that leading construction companies have 
already begun to integrate sustainability concept in their project delivery process to take 
advantage of the market opportunities is a persuasive indicator that the practical 
application of the concept of sustainability is possible and reason enough for the SME 
to follow suit. Corporate sustainability is here to stay. There is sufficient evidence to 
suggest that: in the near future, a business licence to operate could be conditional upon 
the alignment of business processes in line with the principles of corporate 
sustainability; and the construction companies of tomorrow will be those that are 
already proactively engaged in corporate social responsibility. 
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Abstract 
The quest for sustainability has put the construction industry under immense pressure from the 
Government and general public to improve its unsustainable pattern of project delivery. This study aims 
to undertake a baseline review of the UK construction contractors’ engagement with the concept of 
sustainability and gauge their response to the issues being raised. However, based on the premise that the 
major firms drive the industry forward, through managing their supply chain, the research purposely 
focuses on the top end of the industry. Quantitative method developed through an extensive literature 
review forms the main research epistemology to test the research hypotheses. The paper documents the 
analysis of a questionnaire survey of the top 45 construction contractors (based on turnover). The 
respondents are classified into three groups A, B and C firms according to turnover. Most of the 
respondents share the view that a proactive sustainability strategy, supported by effective reporting to 
essential stakeholders, can have a major positive impact on organisational competitiveness.  The overall 
sustainability performance among the groups differs considerably. The survey results indicate that there is 
a tendency for firms with higher turnover to engage proactively with sustainability. However, the results 
also suggest that irrespective of size, substantial progress has only been made regarding the 
environmental aspect of sustainability, even though there is wide-spread recognition that sustainability 
has three dimensions: environmental, economic and social.  
 
1. Introduction 
Sustainable development was popularised and defined by Brundtland1 as “development 
that meets the needs of the present without compromising the ability of the future 
generation to meet their own needs”. The concept of sustainability has grown into a 
mantra for the 21st century.2 Analysis of the construction industry’s project delivery 
process substantiates the need for the industry to engage with sustainable development.3 
The application of sustainable development to the construction industry is sustainable 
construction.  
Sustainable construction comprises many processes through which a profitable and 
competitive industry delivers built assets to enhance quality of life and stakeholder 
satisfaction.4 Embedded in this definition is the notion of economic growth with 
emphasis on social and environmental integrity. Kilbert5 defined sustainable 
construction as the creation and responsible management of a healthy built environment 
based on prudent use of resources and ecological principles. It encompasses issues such 
as: 
(a) whole life cycle 
(b) procurement 
(c) site planning 
(d) material selection and use 
(e) recycling 
(f) waste and energy minimisation.  
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Sustainable construction is currently an extremely important issue to many different 
types of stakeholders. It is being driven and enforced by the government through 
stringent fiscal policies and regulations, various ‘naming and shaming’ policies and 
several government initiatives.6 Stakeholders are becoming more aware of the global 
challenge and are using their power to exert pressure on the companies as evidence from 
growing numbers of green consumers. The concept of sustainable construction provides 
a means for long-term success and provides a framework to redress initiative overload 
by integrating key aspects of Rethinking Construction,7 environmental protection, health 
and safety performance, and community interaction.8  
 
Against this background, this paper discusses the prevailing trends in the UK 
construction-contracting firms’ engagement with the concept of sustainability and 
establishes any possible correlation between level of response and turnover. This study 
provides a useful snapshot of the construction contracting firms’ perceptions, views, 
understanding, strategic level of response and practical application of sustainable 
construction principles. It also identifies key stakeholders and sheds light on the drivers 
and barriers to implementation, the key issues of concern, and management practices 
currently be adopted in order to achieve economic, social and environmental 
sustainability. The study collates a wealth of literature on the concept of sustainability 
to develop a theoretical base for both the principles involved in sustainable construction 
and its practical application. The paper also presents the research methodology adopted 
as well as the analysis and discussion of the survey data. 
 
2. Study methodology 
A review of recent literature was used to develop an initial set of hypotheses and a ten-
page questionnaire to test them against. The questionnaire and hypotheses were refined 
through a pilot study comprising three construction contractor sustainability managers 
(individual’s who are at the leading end of implementing sustainability in their 
companies’ project delivery processes) and a senior academia with extensive knowledge 
in the subject area. The resulting hypotheses are as follows. 
 
• there is a general understanding of the concept of sustainability in the construction 
industry. 
• sustainability issues through the medium of stakeholders (such as clients, 
government etc.) lead to corporate sustainability actions that have certain results in 
economical terms. 
• the practical application of the environmental aspects of sustainability is well 
advanced while the social and economic aspects still prove elusive. 
• the level of strategic response to sustainability is proportionate to the level of 
turnover. 
 
The questionnaire was designed to be completed by people with overall responsibility 
for sustainable construction issues in their organisation (e.g. sustainability champion, 
environmental manager, health and safety manager). Data from the survey were 
analysed using statistical software package SPSS.9 The preliminary data analysis was 
conducted with descriptive statistics to establish the central tendency and dispersion of 
the data. The outcome of this preliminary exploration of the data fits the criteria 
underlying parametric ANOVA (i.e. normal distribution of the data and homogeneous 
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variance).10 Even though the need to meet these criteria (so that the more powerful 
parametric ANOVA test can be chosen as opposed to the non-parametric ANOVA tests) 
still remains highly debatable,11 and as various researches have shown, no significant 
differences were found in the results when these criteria were violated.10 
 
The parametric ANOVA test is the fundamental technique used for this type of research. 
This test was extensively used in research of a similar nature10, 12 and mainly involved 
the ranking of the variables based on their overall mean values. The analysis of variance 
technique simultaneously facilitates the testing of whether there are significant 
differences among the groups. The significance level used throughout the analysis was 
5%. The reliability measurement of the 5-point Likert scale was established using 
Cronbach’s coefficient alpha. The results were in the range 0.5680-0.9011. This is 
higher than Nunnally’s suggested reliability range of 0.50-0.60,13 which is considered 
sufficient for this type of research. 
 
2.1 Literature review 
This research stemmed from an MSc dissertation titled ‘Sustainable construction: 
threats or opportunities’ and an ongoing EngD aimed at developing a sustainable 
construction management framework for road maintenance contractors.14 An extensive 
literature review has been documented elsewhere14 and, for brevity, indicative literature 
have been cited herein.  The review of literature indicates that little research of this type 
has been conducted on the industry’s level of response to sustainable construction; 
however some research has looked at specific issues such as the drivers, business cases 
etc. 
 
The environmental, social and economic impacts of the construction industry are 
extensive, often irreversible, readily identifiable and sufficiently documented.3, 15-21 The 
UK sustainable development strategy signals the Government’s expectation from 
businesses.22 In view of the construction industry’s impact on society, the environment 
and the economy, a designated strategy was issued to the industry. Recent research has 
shown that it is becoming more apparent to the industry that the sustainability agenda 
falls beyond environmental protection but also includes social and economic 
objectives.23 
 
Several attempts have been made to examine numerous definitions of sustainability and 
promote principles to be upheld in attaining sustainable construction.5,24-27 It is 
generally recognised that the principles of sustainable construction mirror those of 
sustainable development and have three key dimensions: economic, social and 
environmental. Economic sustainability is the industry’s contribution toward 
maintenance of high and stable levels of economic growth and employment through 
increased productivity and improved project delivery. Environmental sustainability 
addresses the impact of construction activities on the environment and propagates the 
prevention of harmful and potentially irreversible damage to the environment through 
efficient use of natural resources, waste minimisation, and energy and water efficiency. 
Social sustainability deals with legal, moral and ethical obligations of the construction 
industry to its stakeholders, such as employees, suppliers and the community in which it 
operates.  
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According to the DETR,4 the current performance of the construction industry is 
unsustainable and has been subjected to wide criticism. The low productivity and under 
performance of the construction industry became a major concern toward the end of the 
last century.7,28 Rethinking Construction7 and the Government’s sustainable 
construction strategy4 both emphasised the need for a culture change within the 
industry. There are many drivers for change coming from a wide range of sources, 
including: 
 
• government policy and regulations; 
• business pressures; 
• stakeholder expectations;29 
• increased realisation of the importance of construction image; 
• branding and reputation; and 
• new client procurement policies. 
 
Project cost, time overrun and defects, high legal costs resulting from environmental 
pollution are attributed to the difficulty in maintaining existing clients and securing new 
business.7 Most leading clients share the perception that improvement could be 
achieved through a better-defined project delivery processes in tune with the concept of 
sustainable construction. The UK Government is responsible for 40% of UK annual 
construction turnover and has, in response, produced procurement guidelines30 to help 
achieve sustainable construction in government procurement. Increasingly, 
sustainability is becoming a major part of project procurement criteria. This new 
paradigm6 can be attributed to the growing awareness of the global challenges31 and the 
development of a business environment where increased transparency is recognised to 
be best for both businesses and society.32 
 
Despite various researches showing a positive link between business performance and 
sustainability,34-36 many organisations are continuously confronted with diverse barriers 
to the practical application of sustainability principles.23,29 The environmental issues are 
well understood and easy to measure, but good understanding of economic37 and social 
sustainability,38 and their inter-linkages need to be developed further. Sustainability is 
about long-term survival, which contradicts many of the industry’s traditional business 
processes, as many construction companies are finding it difficult to stay in business in 
the short-term and long-term strategic thinking and planning is frequently perceived as a 
luxury.39  
 
Another concern is the perception that the demands of sustainable construction are 
limitless and the process redesign required to accommodate the required changes could 
results in excessive business burdens.29 Certain characteristics of the construction 
industry, such as the relatively short periods of site occupation of contractors, historical 
divisions between the trades, diversity of stakeholders involved in the construction 
process and the fragmented nature7 and conservative culture of the industry have 
prevented a more proactive approach to sustainable construction. 
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2.2 Content and structure of the questionnaire 
The success of any questionnaire survey and the accuracy of data collected largely 
depends on the careful design of the questionnaire’s contents, structure and form of 
response.40 The contents of the questionnaire use to support this research were divided 
into six sections. The first section was the background information, which included: 
 
(a) name of the company;  
(b) name and position of the respondents; 
(c) annual turnover;  
(d) type of organisation; 
(e) date; and 
(f) contact details of respondents.  
 
The remaining five main sections of the questionnaire were as follows: 
• Strategic response to sustainable construction: exploring the understanding of the 
concepts of sustainability, the drivers, barriers to implementations and the industry’s 
perceived stakeholders. To establish difference among the groups, the next three 
sections probed further on each of the three areas of sustainability. 
• Economic sustainability: examining the key economic issues and the management 
practice put in place. 
• Environmental sustainability: investigating the industry’s key environmental 
concerns and the management system in place to mitigate these concerns. 
• Social sustainability: assessing the industry’s key social concerns and the 
management practice in place. 
• Sustainability and competitiveness: assessing the effect of sustainability reporting 
to stakeholders on competitiveness. 
 
2.3 Measurement scales 
According to Fink,41 the three types of measurement scales that can be used for 
statistical analysis are:  
• nominal scales - no numerical value and produce data that fit into categories;  
• ordinal scales - order among categories, that is the value of one observation is 
greater or more important than the other; and  
• numerical scales - difference between numbers have a meaning. 
 
Ordinal and nominal scales were used to transform the respondent’s views and opinions 
into a scale to facilitate statistical analysis. An ordinal scale was used for the 
measurement of each variable, each respondent being asked to assign a level of 
importance from 1 to 5, where 1 = strongly disagree and 5 = strongly agree. Nominal 
scales were used, for certain variables without numerical values, to generate data that fit 
into categories (e.g. 1 = no, 3 = considering/underway and 5 = yes). 
 
2.4 Sampling selection 
The construction industry is wide spread and consists of a few major and many small 
players. Contacts were made through the New Civil Engineering’s annual review of UK 
construction contractors:42 i.e. ‘the contractors file’. The top 45 contracting firms were 
short-listed from the lists. To improve the response rate, all these companies were 
previously contacted by telephone to explain the aim and objectives of the research, and 
to ask them if they wanted to participate in the survey. Interestingly, all the people 
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contacted were willing to participate and requested the outcome of the research survey. 
The ten-page questionnaire with a covering letter was then sent electronically as an 
attachment to electronic mail directly to the sample. 
 
2.5 Questionnaire response 
From the 45 participants, a total of 26 responses (about 58%) were received in a usable 
format. This is relatively high compared to: Akitoye and Fitzgerald’s suggested industry 
response norm of 20–30%12 and Moser and Kalton’s little value range lower than 30-
40%.43 Given the size of the questionnaire, the reason for the high response rate 
probably resulted from the prior telephone contacts with the respondents to gain their 
consent, the use of electronic mail; and largely to the importance of the research topic 
(sustainable construction) in the industry.  
 
The size of a firm is believed to be proportional to its total turnover, number of 
employees, capital employed and net output.44 To test the hypotheses, the responses 
were grouped into three categories (A, B and C) based on their annual turnover (see 
Table 1). Table 1 shows the results of the frequency distribution of the responses: 
26.9% responses were from the C firms, 42.3% from B, and 30.8% from A. The total 
turnover of the responding companies was £27,569 million and forms 30.6% of the total 
output of the UK construction industry during 1996.35 As can be seen in the table, a 
normal distribution of data can be assumed due to the marginally negative skewed 
distribution (-0.068). This shows that the survey reasonably covered the three groups.  
 
Table 1: Frequency distribution for the responding companiesa 
Groups Turnover (£m) Frequency Percentage Sum (£m) Mean (£m) Std dev (£m) 
C Less than 100 7 26.92 431.30 61.61 10.90 
B 100-500 11 42.31 2694.70 244.97 121.97 
A Over 500 8 30.77 24443.00 3055.38 4685.76 
 Total 26 100.00 27569.00 1060.35 2828.29 
a: skewness = -0.068 
 
3 Analysis of the survey data 
 
3.1 Strategic Response to Sustainable Construction 
Figure 1 shows the percentage distribution of the respondents’ sustainable construction 
impact review of operation. The combined percentage (‘yes’ to ‘underway’) indicates 
that all had undertaken or were in the process of carrying out an environmental impact 
review of their operations. Regarding social and economic impact reviews, the majority 
were yet to undertake the impact reviews. This is not surprising considering the long 
history of environmental management systems in the construction industry. To show 
difference among the groups, Table 2 collates the mean and ANOVA for sustainable 
construction impact review of operation to identify differences among the groups. The 
mean distributions for the environmental impact show no significant difference within 
the groups at the 5% significance level. However, with the social and economic impact 
reviews, a clear significant difference can be seen with both significance levels (p = 
0.00) less than 5% (p = 0.05). The majority of the A firms seem to have reviewed these 
issues compared to B and C firms. 
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Figure 1: Sustainable construction impact review of operation 
 
Table 2: Sustainable construction impact review of operation 
Impact review MEAN ANOVA 
 Overall C B A F Sat Sign 
Environmental 4.92 4.71 5.00 5.00 1.40 0.27 
Social 2.31 1.00 1.91 4.00 9.82 0.00 
Economic 2.31 1.55 1.57 4.00 9.90 0.00 
Reliability coefficient = 0.6831 
 
Figure 2 shows the percentage distribution of corporate policy and definition for 
sustainable construction. The analysis reveals that a high proportion of the respondents 
(76.9%) had corporate policy statements, codes of conduct, charter or vision statements, 
which specifically refer to sustainable construction. More than half of the respondents 
(53.9%) had a corporate definition for sustainable construction for internal and external 
use. However, as can be seen in Table 3, the majority of the respondents were from the 
A firms (4.75 and 4.25 respectively), followed by the C firms (3.57 and 2.43 
respectively). The table shows a significant difference among the groups as indicated 
with the large F ratios and p value less than 0.05. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Corporate policy and definition for sustainable construction (SC) 
 
Table 3: Corporate policy and definition for sustainable construction 
Our Company has … MEAN ANOVA 
 Overall C B A F Sat Sign. 
Corporate policy statements, codes of conduct, 
charter or vision statements, which refer to SC 3.62 3.57 2.82 4.75 3.77 0.04 
A definition for sustainable construction for 
internal and external use 2.69 2.43 1.73 4.25 7.31 0.00 
Reliability coefficient = 0.7870 
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The analysis of the respondents’ understanding of the three components of sustainable 
construction confirmed the results from other research23 as indicated in Table 4. It is a 
general perception that sustainable construction involves economic, social and 
environmental impact (overall mean 4.58) confirming the first research hypothesis. 
Table 5 shows the drivers for implementing sustainable construction with ‘government’ 
and ‘regulation’ (overall mean 4.19) and ‘competitive edge’ (overall mean 4.12) ranked 
highest while ‘enhancing relations with suppliers’ is ranked lowest (overall mean 2.88). 
This is not surprising - the government being the major construction clients with 40% 
annual spending of construction turnover. Comparing the groups, the two highest 
ranked drivers for C firms are ‘competitive edge’ (mean 4.29) and ‘enhanced 
reputation’ (mean 4.14); for B firms are ‘clients’ procurement policy’ and ‘enhance 
relations with suppliers’ (mean 4.18); and for A firms are ‘enhancing shareholders 
value’ (mean 4.75) and ‘long-term survival’ (mean 4.63). Three areas of significant 
differences recorded among the groups are ‘enhancing shareholders value’, ‘investing in 
the future’ and ‘enhancing relations with community’. The reason for the differences 
between the A firms and the other two stems from the basic reasons that shareholders 
own most of the A firms and these A firms engaged with huge construction projects; 
often controversial projects such as dams and road construction. Hence the need to 
enhance relationships with the shareholders and local community in which they operate. 
 
Table 4: Organisational understanding of the component(s) of sustainable construction 
MEAN ANOVA
Sustainable construction component(s) Overall C B A F Sat Sign 
Our economic, social and environmental impact  4.58 4.43 4.45 4.88 0.68 0.51 
the environmental impact of our operation  2.12 2.43 2.36 1.50 0.81 0.46 
the economic impact of our operation 1.65 2.29 1.73 1.00 2.82 0.08 
the social impact of our operation  1.54 1.86 1.73 1.00 1.57 0.23 
None of the above 1.08 1.29 1.00 1.00 3.36 0.05 
Reliability coefficient = 0.5998 
 
Table 5: Business Case for implementation 
 MEAN ANOVA 
Driver(s) Overall C B A F Sat Sign 
Government and regulation 4.19 4.00 4.09 4.50 0.69 0.51 
Competitive edge / Market growth 4.12 4.29 3.91 4.25 0.59 0.56 
Client procurement policy 4.08 3.57 4.18 4.38 0.91 0.42 
Enhance reputation/brand 4.00 4.14 3.91 4.00 0.28 0.76 
Business pressure 3.96 3.57 3.82 4.50 2.39 0.11 
Long term survival of business 3.92 3.86 3.45 4.63 2.88 0.08 
Enhance relations with clients 3.92 3.86 4.18 3.63 0.60 0.56 
Cost saving/operational efficiency 3.73 3.86 3.91 3.38 0.54 0.59 
Environmental concerns 3.69 4.00 3.64 3.50 0.56 0.58 
Reduce legal risks and penalties 3.65 3.43 4.00 3.38 0.89 0.42 
Enhance shareholders value 3.62 3.29 3.00 4.75 6.05 0.01 
Investing in the future 3.42 4.00 2.91 3.63 5.00 0.02 
Following industry trends 3.27 3.14 3.55 3.00 0.64 0.54 
Enhance relations with community 3.19 2.43 3.36 3.63 6.70 0.01 
Enhance relations with employees 3.15 3.14 3.18 3.13 0.01 0.99 
Licence to operate 3.08 3.00 2.82 3.50 0.58 0.57 
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Peer pressure within the industry 3.00 2.86 3.36 2.63 1.15 0.33 
Enhance relations with suppliers 2.88 2.57 3.18 2.75 0.91 0.42 
Reliability coefficient = 0.6977 
 
The analysis of the possible barriers for implementation is presented in Table 6 with 
‘industry culture and fragmented nature’, ‘short term focus’ and ‘conservatism of 
industry’ (overall mean 4.23) and ‘rigid specification’ (overall mean 3.96) ranked the 
major two barriers. This result confirmed Egan’s7 findings. The analysis also shows 
significant differences among the groups. The four areas of significant differences are 
‘rigid specifications’ (p = 0.01), ‘lack of management commitment’ (p = 0.03), ‘lack of 
understanding and fuzziness of the concept’ (p = 0.00) and ‘regulatory constraints and 
lack of fiscal incentive’. Comparing the A firms to the other two, ‘rigid specification’, 
and ‘regulatory constraints and lack of fiscal incentive’ seemed to be minor issues, 
perhaps the A firms tended to form alliance with the clients and usually involved in a 
project from inception stage. As far as the C firms are concerned, obtaining 
management commitment is probably less of a major issue compared to the B and A 
firms. The reason for this is that the smaller the size of the firm, the more tendency for 
the existence of multi-skilling, which facilitates prompt decision-making as opposed to 
separation of tasks in the B and A firms. However, lack of understanding, vagueness 
and fuzziness of the concept is more of a major issue for the C firms.  
 
Table 6: Barriers for implementation 
 MEAN ANOVA 
Barrier(s) Overall C B A F Sat Sign 
Industry culture; fragmented nature of industry, short 
term focus and conservatism 4.23 4.00 4.36 4.25 1.08 0.35 
Rigid specifications and clients unwillingness to 
share burden 3.96 3.86 4.64 3.13 6.06 0.01 
Lack of awareness and information regarding the 
available tools 3.77 3.29 4.27 3.50 2.66 0.09 
Regulatory constraints, inconsistent Government 
policy and lack of fiscal incentive 3.54 3.43 4.00 3.00 3.98 0.03 
Long lists of construction stakeholders and lack of 
standards for stakeholder dialogue 3.38 2.86 3.73 3.38 2.50 0.10 
Gaps in standards and approaches 3.38 3.57 3.55 3.00 0.88 0.43 
Lack of management commitment, resources and not 
view as corporate strategy priority 3.35 2.29 3.73 3.75 4.26 0.03 
Lack of understanding, vagueness and fuzziness of 
the concept makes its practical application difficult 1.06 1.25 0.63 0.76 6.90 0.00 
Short period of site occupation and project delivery. 
Involves process redesign 0.90 1.11 0.45 1.04 2.32 0.12 
Financial Pressures- extra costs and no incentive and 
uncertain work load and financial constraints 0.86 0.76 1.04 0.71 0.55 0.58 
High investment in the short term but rewards in the 
long term. Contradict the short-term strategic vision 0.82 0.90 0.82 0.76 0.76 0.48 
Supply Chain Management- long lists of supply chain 
and lack of trust  0.80 0.95 0.81 0.53 1.57 0.23 
Reliability coefficient = 0.7864 
 
Table 7 shows the industry’s recognised stakeholders. The three main stakeholders are 
clients (overall mean 4.92), employees (overall mean 4.73) and partner organisations 
(overall mean 4.50) with competitors as the least stakeholders (overall mean 1.50). The 
table clearly shows a significant difference of views among the groups. It is interesting 
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to note the differences in the ranking of these stakeholders among the group. For the C 
firms, the least important stakeholder is the shareholder, the reasons being that the 
majority of C firms are owned and operated by an individual or small group of people. 
Table 8 indicates the stakeholders whose satisfaction or complaints are regularly tracked 
at project level. It is not surprising that clients (overall mean 4.85), employees (overall 
mean 4.15) and partnership organisations’ satisfactions are regularly tracked. As 
research has shown, there is a positive gain from partnering and collaboration.28,45-47 
Similarly, companies with a good reputation, delivery of value for money, respect for 
employees and high environmental performance have a better chance of attracting 
capital, recruiting and retaining best employees.4 
 
Table 7: Industry's recognised Stakeholders 
 MEAN ANOVA 
Industry's stakeholders  Overall C B A F Sat Sign 
Clients/customers 4.92 4.86 4.91 5.00 0.52 0.60 
Employees 4.73 4.71 4.64 4.88 0.63 0.54 
Partner organisations 4.50 3.86 4.64 4.88 3.95 0.03 
Sub-contractors 4.27 4.00 4.55 4.13 3.11 0.06 
Suppliers 4.23 4.29 4.27 4.13 0.23 0.80 
End users 4.19 4.43 4.00 4.25 1.03 0.37 
Local communities 4.19 3.43 4.36 4.63 6.70 0.01 
Regulators 3.92 3.00 3.91 4.75 7.14 0.00 
Shareholders/investors 3.85 2.29 4.09 4.88 9.06 0.00 
Government 3.81 2.86 3.73 4.75 9.39 0.00 
Non government organisation (NGO) 3.62 2.57 3.45 4.75 8.07 0.00 
The media/press 3.46 2.57 3.45 4.25 7.59 0.00 
Competitors 3.00 2.43 2.64 4.00 6.66 0.01 
Reliability coefficient = 0.8970 
 
Table 8: Stakeholders whose satisfaction or complaints at project level are regularly 
tracked 
 MEAN ANOVA 
Industry's stakeholders  Overall C B A F Sat Sign 
Clients/customers 4.85 4.86 4.82 4.88 0.03 0.97 
Employees 4.15 3.71 4.18 4.50 1.27 0.30 
Partner organisations 3.81 3.14 3.73 4.50 2.30 0.12 
Local communities 3.42 2.57 3.45 4.13 3.54 0.05 
Regulators 3.42 2.71 3.55 3.88 1.11 0.35 
Sub-contractors 3.28 3.50 3.18 3.25 0.35 0.71 
Suppliers 3.19 3.14 3.09 3.38 0.39 0.68 
End users 3.08 3.86 2.45 3.25 9.09 0.00 
Shareholders/investors 2.65 3.14 2.55 2.38 0.44 0.65 
The media/press 2.42 1.86 2.27 3.13 1.76 0.19 
Government 2.42 2.00 2.00 3.38 4.32 0.03 
Non government organisation (NGO) 2.27 1.71 2.09 3.00 2.96 0.07 
Competitors 1.50 1.29 1.45 1.75 0.45 0.64 
Reliability coefficient = 0.8331 
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3.2 Economic Sustainability 
As can be seen in Table 9, ‘competitiveness and winning contracts’ (overall mean 4.58) 
followed by ‘attraction and retention of skilled labour’ (overall mean 4.50) and 
‘productivity and profitability’ (overall mean 4.46) are major key economic issues in the 
industry. Other research has also revealed that the industry operated at a low margin, 
productivity is low, competition is fierce48,49 and the attraction and retention of skilled 
labour is a major dilemma.50-52 The major factors for skill shortage in the industry are 
well documented, for instance the exodus movement of labour to other industries in 
search of greener pastures, demographic decline of young people entering the labour 
market and so on, hence the reason why employers poach labour from each other.52 At 
group levels, the most concerned economic issues for the A firms are ‘winning 
contracts’ (mean 4.63) and ‘delivery of value for money projects’. For the B firms, 
‘competitiveness’ (mean 4.73) followed by ‘productivity and profitability’, ‘attraction 
and retention of skilled labour’, and ‘winning contracts’ (mean 4.64). For the C firms, 
‘competitiveness’ (mean 4.86), and ‘productivity and profitability’, ‘attraction and 
retention of skilled labour’ (mean 4.57) are the major concern. Table 10 shows the 
economic management practices to address economic sustainability under three main 
headings, which are codes, policies and standards; economic performance; and 
economic reporting. The mean distribution of the three groups reveals that A firms are 
better placed than the B and C firms, while the B firms are better performed than the C 
firms are. The same observation is made in Table 12 (environmental management 
practices) and 15 (social management practices). 
 
Table 9: Key economic issues 
 MEAN ANOVA 
Industry's stakeholders  Overall C B A F Sat Sign 
Competitiveness 4.58 4.86 4.73 4.13 4.73 0.02 
Winning contracts 4.58 4.43 4.64 4.63 0.24 0.79 
Attraction and retention of skill labour  4.50 4.57 4.64 4.25 1.10 0.35 
Increased productivity and profitability 4.46 4.57 4.64 4.13 2.97 0.07 
Delivery of value for money projects 4.42 4.29 4.55 4.38 0.45 0.64 
Image and reputation 4.38 4.43 4.45 4.25 0.41 0.67 
Partnering/ integration of supply chain 4.38 4.29 4.55 4.25 1.01 0.38 
Improved project delivery 4.27 4.29 4.45 4.00 0.91 0.42 
Service & Product differentiation 4.15 4.00 4.18 4.25 0.31 0.73 
Managing knowledge/intellectual capital 3.96 3.71 4.09 4.00 0.86 0.44 
Cost leadership (Low cost) 3.88 4.00 4.00 3.63 0.32 0.73 
Attraction of investors and shareholders 3.85 3.71 3.82 4.00 0.14 0.87 
Increased spending on R&D 3.12 3.14 2.91 3.38 0.74 0.49 
Reliability coefficient = 0.8003 
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Table 10: Economic management practices 
 MEAN ANOVA 
 Overall C B A F Sat Sign 
Codes, Policies and Standards       
Our company has a written specific codes, policies 
for managing economic aspects of sustainability 2.96 1.57 2.64 4.63 8.80 0.00 
There is an independent monitoring programme to 
ensure compliance with our policy/code of conduct 3.15 1.57 3.18 4.50 5.16 0.01 
Economic Performance       
Our company monitors and evaluates its economic 
performance using industry recognised indicators 4.46 3.00 5.00 5.00 14.71 0.00 
Our company’s economic policy is supported by 
specific targets e.g. 10% client satisfaction by 2002 3.46 2.71 3.73 3.75 1.66 0.21 
Our targets and performance are benchmarked within 
peer group / against industry best practice 4.00 2.43 4.45 4.75 15.42 0.00 
Economic Reporting       
Our company produces an economic performance 
report (part of financial/sustainability/stand-alone) 3.77 2.71 3.55 5.00 4.51 0.02 
Our economic performance report is verified by an 
independent external organisation or third parties 3.46 2.14 3.55 4.50 3.90 0.03 
Our company publishes its economic performance 
report externally 3.38 2.14 3.36 4.50 4.02 0.03 
Reliability coefficient = 0.9011 
 
3.3 Environmental Sustainability 
Table 11 indicates ‘air pollution’ (overall mean 4.62), ‘waste generation’ (overall mean 
4.62), ‘water pollution’ (overall mean 4.38) and ‘depletion of natural resources’ as the 
four key environmental issues. A cursory view of Table 12 confirms the previous 
assertion that the level of management practices among the group is proportionate to the 
level of turnover. Though in terms of codes, policies and standards, there seem to be no 
major differences among the groups. The reason, as previous stated, could be the long 
history and well-established environmental management system such as ISO 1400153 
and the Eco-Management and Audit Scheme (EMAS)54 in the construction industry. In 
terms of environmental performance and reporting, there are significant differences 
among the three groups at significant level below 5% (p < 0.05). This finding confirms 
CIRIA’s research55 that for many years large construction organisations have been 
implementing environmental management measures. However, due to growing 
pressures, with tighter legislation, higher fines and demand from clients, it is only 
recently that many small construction firms see their impact as being significant enough 
to warrant such management measures. 
 
Table 11: Key environmental issues 
 MEAN ANOVA 
 Overall C B A F Sat Sign 
Air pollution e.g. noise, dust 4.62 4.14 4.82 4.75 4.15 0.03 
Waste generation 4.62 4.14 4.73 4.88 4.36 0.02 
Water pollution 4.38 4.00 4.55 4.50 1.29 0.29 
Depletion of natural resources 4.38 3.86 4.36 4.88 3.63 0.04 
Energy use 4.35 4.29 4.18 4.63 0.99 0.39 
Non renewable resources consumption 4.35 3.86 4.27 4.88 4.61 0.02 
Visual impact of our operation 4.27 4.00 4.18 4.63 2.46 0.11 
Nature conservation 4.04 3.57 3.91 4.63 2.28 0.12 
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Water consumption 4.00 3.86 3.73 4.50 1.62 0.22 
Damage of landscape 3.81 3.43 3.64 4.38 2.03 0.15 
Pollutants consumption 3.81 3.43 3.45 4.63 8.61 0.00 
Acid rain 3.62 3.29 3.36 4.25 2.11 0.14 
Loss of Biodiversity 3.62 3.14 3.27 4.50 3.38 0.05 
Extensive land use 3.46 3.86 3.27 3.38 0.54 0.59 
Reliability coefficient = 0.8968 
 
Table 12: Environmental management practices 
 MEAN ANOVA 
 Overall C B A F Sat Sign 
Codes, policies and standards       
Our company has an internal written environmental 
policy which is signed off by the board 5.00 5.00 5.00 5.00 - - 
The environmental system is partly/fully certified 
under ISO 14001, EMAS or other standards. 4.50 4.14 4.36 5.00 2.31 0.12 
There is an independent monitoring programme to 
ensure compliance with our policy/code of conduct 4.42 3.57 4.55 5.00 3.20 0.06 
Environmental Performance       
Our company monitors and evaluates its 
environmental performance (energy, water use etc.) 4.35 3.86 4.18 5.00 2.53 0.10 
Our company’s environmental policy is supported by 
specific targets e.g. 10% waste reduction by 2002 4.27 3.00 4.55 5.00 6.13 0.01 
Our targets and performance are benchmarked within 
peer group / against industry best practice 4.19 3.00 4.36 5.00 7.26 0.00 
Environmental Reporting       
Our company produces an environmental report (as 
part of financial/sustainability/stand-alone report) 3.92 4.14 3.18 4.75 2.96 0.07 
The environmental report is verified by an 
independent external organisation or third parties 2.85 1.86 2.09 4.75 10.7 0.00 
Our company publishes its environmental 
performance report externally 3.15 2.71 2.64 4.25 1.96 0.16 
Reliability coefficient = 0.8669 
 
3.4 Social Sustainability 
Table 13 shows key social issues with respect to employment standards and working 
conditions. As can be seen from the table, ‘health and safety’, and ‘training and 
development’ are the two highest ranked while ‘forced labour’, and ‘freedom of 
association and collective bargaining’ are ranked lowest both overall and among the 
group. The industry is notorious for its poor health and safety performance.7 The 
estimated cost of health and safety problems to the employers is about £6.5 billion 
yearly, with annual lost of over 25 million working days.56 The UK construction process 
and the training system are found to be lower compared to Germany and the 
Netherlands; one of the factor for the lower productivity of the UK construction 
sector.57-59 ‘Employee satisfaction’ and, ‘diversity and equal employment opportunities’ 
are ranked third and fourth overall and among the groups. Three areas of significant 
difference among the groups are ‘compensation and benefits’ (p = 0.04), ‘Forced 
labour’ (p = 0.00) and ‘Freedom of association and collective bargaining’ (p = 0.01). 
The latter two are no major problems in the UK, however the difference in mean values 
is perhaps the fact that the A firms engage in overseas projects where these are major 
issues. 
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Table 13: Key social issues with respect to employment standards and working 
conditions 
 MEAN   ANOVA 
 Overall C B A F Sat Sign 
Health and safety 4.96 5.00 4.91 5.00 0.66 0.52 
Training and development 4.62 4.43 4.64 4.75 0.79 0.47 
Employee satisfaction 4.19 4.14 4.18 4.25 0.09 0.92 
Diversity and equal employment opportunities 4.00 3.71 4.18 4.00 1.52 0.24 
Compensation and Benefits 3.77 3.14 3.82 4.25 3.80 0.04 
Working hours 3.69 3.43 3.82 3.75 0.73 0.49 
Freedom of association & collective bargaining 2.96 2.57 2.73 3.63 5.07 0.01 
Forced Labour  2.08 1.29 2.00 2.88 6.73 0.00 
Reliability coefficient = 0.5680 
 
Table 14 presents the key social-economic issues. The most important issues were 
‘partnership working’ (overall mean 4.38), ‘shortage of skilled labour’ (overall mean 
4.31), ‘maximising construction site security and minimising crime’ (overall mean 4.23) 
followed by ‘effective engagement of stakeholders’ and ‘quality of built environment’ 
(overall mean 4.19). For the C firms ‘partnership working’ followed by four equally 
ranked issues – ‘local employment’, ‘shortage of skilled labour’, ‘local source of 
material’, and ‘maximising construction site security and minimising crime’ were the 
most important. The two most important issues for the B firms are ‘shortage of skill’, 
and ‘maximising construction site security and minimising crime’. Compared to the A 
firms, occupying the first place are ‘effective engagement of stakeholders’, ‘working 
with local communities’, ‘maintaining a relationship with government’ and ‘partnership 
working’ followed by ‘quality of built environment’. Table 15 shows the social-
economic management practices. As can be seen in the table, the social management 
practices within the C firms are very low compared to the B and A firms. The table 
confirms the previous observation in Table 10 and 12 that there is a positive correlation 
between the level of turnover and the existence of management system for economic, 
environmental and social sustainability.  
 
Table 14: Key social-economic issues of most concern 
 MEAN ANOVA 
 Overall C B A F Sat Sign 
Partnership working 4.38 4.29 4.36 4.50 0.21 0.81 
Shortage of skilled labour  4.31 4.00 4.64 4.13 3.28 0.06 
Maximising construction site security and minimising
crime 4.23 4.00 4.45 4.13 1.53 0.24 
Effective engagement of stakeholders 4.19 3.86 4.18 4.50 1.69 0.21 
Quality of built environment 4.19 3.86 4.36 4.25 1.89 0.17 
Maintaining relationship with government/regulator 4.15 3.71 4.18 4.50 2.04 0.15 
Working with local communities 4.00 3.86 3.73 4.50 2.00 0.16 
Local source of material 3.96 4.00 3.82 4.13 0.80 0.46 
Local employment  3.92 4.00 3.64 4.25 2.06 0.15 
Reducing negative effects on community health 3.88 3.86 3.91 3.88 0.01 0.99 
Industry accountability 3.81 3.57 3.82 4.00 0.70 0.51 
Addressing corruption both in- and externally  3.54 3.57 3.27 3.88 0.94 0.41 
Reliability coefficient = 0.8540 
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Table 15: Social-economic management practices 
 MEAN ANOVA 
 Overall C B A F Sat Sign 
Codes, Policies and Standards       
Our company has an internal written social / ethical
standards based on externally agreed standards 5  3.35 1.57 3.36 4.88 8.82 0.00 
Our company has accredited social standards e.g.
Investor in People (IiP) etc. 3.08 1.57 2.82 4.75 12.17 0.00 
There is an independent monitoring programme to
ensure compliance with our policy/code of conduct 3.08 1.29 2.82 5.00 12.90 0.00 
Social Performance       
Our company monitors and evaluates its performance
(staff annual turnover, minor/major accidents etc.) 4.62 3.57 5.00 5.00 5.53 0.01 
Our company’s social policy is supported by specific
targets; 10% reduction of major accidents, by 2002 4.38 3.29 4.64 5.00 4.12 0.03 
Our targets and performance are benchmarked within 
peer group / against industry best practice 4.00 1.57 4.82 5.00 69.67 0.00 
Social Reporting       
Our company produces a social report (as part of
financial/sustainability/stand-alone report) 3.00 1.00 3.18 4.50 10.74 0.00 
The social report is verified by an independent external
organisation or third parties 2.15 1.00 1.73 3.75 7.34 0.00 
Our company publishes its social performance report
externally 2.23 1.00 1.73 4.00 8.81 0.00 
Reliability coefficient = 0.9285 
 
3.5 Sustainability Reporting and Competitiveness 
Sustainability reporting is a relatively new phenomenon and several efforts have been 
made to put up a framework to ensure common standards in terms of relevance, 
reliability, clarity, comparability, timeliness and verifiability of reports word-wide.60 It 
is a voluntary report, which includes information on economic, social and 
environmental performance. Figure 3 shows the percentage distribution for stand-alone 
sustainability reports. It is notable that the majority of the respondents do not produce a 
sustainability report (overall 57.7%) compared to overall 19.2% that do and overall 
23.1% ‘underway’. In terms of ‘underway’, a positive trend can be observed among the 
groups with 25% of the A firms saying ‘underway’ compared to 27.3% B and 14.3% C 
firms. Nevertheless, significant differences can be noted among the groups with 50% of 
the A firms compared to 9.1% of B and 0% of C firms producing a sustainability report. 
This confirms the earlier observation. Perhaps the A firms tend to have a higher profile 
and are therefore more likely to undertake sustainability reporting and are under 
immense pressure to comply with local reporting trends in the countries in which they 
operate. 
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In order to investigate the prevalent observation and to drive home the initial 
hypotheses, opinions and thoughts of respondents are sought on statements linking 
sustainability with competitiveness. Figure 4 shows the percentage frequency 
distribution of these statements of the whole groups. As can be seen in Figure 4, the 
absolute majority supports the statements linking sustainability and competitiveness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Percentage frequency distribution of statements linking Sustainability and 
competitiveness 
 
4. Concluding Discussion 
The paper presented a snapshot of the construction contractors’ level of response to 
sustainable construction. The analysis in Table 4 confirms the results from previous 
research and proves the first hypothesis that the industry generally understands the 
concept of sustainable construction. The two main barriers for implementing sustainable 
construction are attributed to the industry culture and fragmented nature of the industry; 
and the rigid specifications and clients’ unwillingness to share the burden. The three 
highest ranked drivers for implementing sustainability are government and regulation, 
competitive edge and client procurement policy. While clients and employees form the 
two highest ranked stakeholders, it is worth noting that the government is the highest 
construction client in terms of construction spending and at the same time the main 
driver for sustainability. The study therefore shows sustainability issues (through the 
medium of stakeholders such as clients, government etc.) lead to corporate 
sustainability actions that have certain results in economical terms. 
 
Though there is a general perception that sustainable construction consists of three 
parts, however as shown by Figure 5, environment management practices are well 
established when compared to social and economic management practices. This proves 
the third hypothesis that the practical application of the environmental aspect of 
sustainability is well advanced while the social and economic aspects still prove elusive. 
The reasons for this could be associated with the long history of environmental 
management systems such as ISO 14001 and EMAS in the construction industry and 
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professional bias as most of those vested with responsibility for sustainable construction 
management have environmental management background. Another reason could be the 
tendency to place sustainable construction management within the remit of 
environmental departments. As a result, more emphasis is given to environmental 
issues, which is at odds with the concept of sustainability. This implies that a re-
emphasis of efforts is needed to address this imbalance by many firms, especially the B 
to C firms where multi-tasking is commonplace. 
 
An absolute majority of the respondents support the view sustainability strategy and 
effective reporting to stakeholders can enhance reputation and competitiveness (Figure 
4); however, differences were noted among the three groups in terms of level of 
sustainable construction response, with the A firms leading on all fronts followed by the 
B and then the C firms. The study thus reveals that the level of strategic response to 
sustainability is proportionate to the level of turnover and the top construction industries 
recognise the potential benefits of sustainability. They are therefore more proactive than 
the C construction companies. In theory this research focuses on the top end contractors, 
which drive the industry forward through supply chain management. By and large, if 
these results are indicative as the research only focuses on the top end of the industry, 
the overall results show positive trends in the industry’s quest for embracing the concept 
of sustainable construction.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: A baseline review – sustainable construction performance 
 
 
Acknowledgement 
The authors wish to thank the EPSRC and Raynesway Construction Southern (part of 
Balfour Beatty group) for funding this research and also numerous construction 
contractors in the UK for their co-operation.  
 
0.00
1.00
2.00
3.00
4.00
5.00
Small
Medium
Large
Overall
Economic  management
prac tices
Env ironmental 
management
prac tices
Soc io-economic  
management prac tices
Stand-alone 
sus tainability  reports
Sus tainable 
cons truc tion
performance
KEY:
Group C 
Group B 
Group A 
 Paper 4 
 169 
References 
1. Brundtland, G.H. (1987) Our Common Future: Report of the World Commission on Environment and 
Development, Oxford University Press, Oxford. 
2. Dyllick, T. and Hockerts, K. (2002) Beyond the business case for corporate sustainability. Business 
Strategy and the Environment, 11(2), 130-41. 
3. BRE (2000) Sustainable Construction – the Data, CR258/99, March 2000. 
4. DETR (2000) Building a Better Quality of life: Strategy for more Sustainable Construction, Eland 
House, London. 
5. Kibert, C. (1994) Establishing principles and a model for sustainable construction. In Proceeding 1st 
International Conference on Sustainable Construction, C. Kibert (ed.) Tampa, Florida, USA, 6-9 
November. 
6. Adetunji, I., Price, A., Fleming, P. and Kemp, P. (2003) Trends in the conceptualisation of corporate 
sustainability. Accepted In: the Proceeding of the Joint International Symposium of CIB Working 
Commissions W55, W65 and W107, Singapore, 23-24 October 2003. 
7. Egan, J. (1998) Rethinking Construction: The Report of the Construction Task Force, Department of 
the Environment, Transport and the Regions, London, UK. 
8. CIRIA News, (20001) Construction Industry Research and Information Association, Issue 2, London. 
9. SPSS (2001) SPSS version 11.0, SPSS Inc., US. 
10. Proverbs, D.G., Holt, G.D. and Olomolaiye, P.O. (1999) European construction contractors: a 
productivity appraisal of in situ concrete operations. Construction Management and Economics, 
17(2), 221–30. 
11. Bryman, A. and Cramer, D. (1999) Qualitative Data Analysis with SPSS Release 8 for Windows: A 
Guide for Social Scientists, Routledge, London.  
12. Akintoye, A. and Fitzgerald, E. (2000) A survey of current cost estimating practices in the UK. 
Construction Management and Economics, 18(2), 161-72.  
13. Nunnally, I. (1978) Psychometric Theory, McGaw-Hill, New York. 
14. Adetunji, I. (2002) Sustainable Construction: Threats or Opportunities, MSc Dissertation, 
Loughborough University, Leicestershire, UK. 
15. CIEC (1992) Construction and the Environment, Building Employers Confederation, London. 
16. Ofori, G. (1992) The environment: the fourth construction project objective? Construction 
Management and Economics, 10(5), 369–95. 
17. Briffett, C. (1993) Environmental management: prospects for Singapore and South-East Asia. In Sim, 
L.L. and Briffett, C. (eds), Environmental Issues in Development and Conservation, SNP Publishers, 
pp. 3–12. 
18. Griffith, A. (1994) Environmental Management in Construction, Macmillan, Basingstoke.  
19. Levin, H. (1997) Systematic assessment of building environmental performance. In Proceedings 
Second International Conference on Building and the Environment, Paris, June, Vol. 2, pp. 3–10. 
20. Sjostrom, C. (1998) Construction and the Environment, CIB World Congress, Vag – och 
Vattenbyggaren Nr. 3. Stockholm. 
21. Chen, J. J., Chambers, D., 1999, Sustainability and impact of Chinese policy initiatives upon 
construction. Construction Management and Economics, 17(5), 679-687. 
22. DETR (1999) A Better Quality of Life: A Strategy for Sustainable Development for the UK, The 
Stationery Office, London.  
23. CRISP (1999) Integrating Sustainability and Rethinking Construction, CRISP Sustainable Theme 
Group, May 1999, Eaton House, Oxford. 
24. Hill, R.C. (1994) A framework for the attainment of sustainable construction: Proceedings of First 
International Conference of CIB TG 16 on Sustainable Construction, Tampa, Florida, USA, 6-9 
November, pp. 13-25. 
25. Linddle, B.T. (1994) Construction for sustainability and the sustainability of the construction industry. 
In Proceedings of First International Conference of CIB TG 16 on Sustainable Construction, Tampa, 
Florida, USA, 6-9 November, 47-56. 
26. Elkington, J. (2002) Cannibals With Forks: The Triple Bottom Line of 21st Century Business. Castone 
Publishing, London, UK. 
27. Graham, P., 2000, Building education for the next industrial revolution: teaching and learning 
environmental literacy for the building professions. Construction Management and Economics, 18(8), 
917-925. 
28. Latham, M. (1994) Constructing the Team, HMSO, London. 
Sustainable Construction: A Web-based Performance Assessment Tool 
170 
29. CRISP (2000) Construction for Sustainable Development – Research and Innovation Needs, Strategy 
Panel, London. 
30. GCCP (2000) Constructing the Best Government Client: Achieving Sustainability in Construction 
Procurement, Sustainability Action Group of the Government Construction Clients’ Panel, London. 
31. Drapper, S. (2000) Corporate Nirvana: Is the Future Socially Responsible? The Industrial Society, 
London. 
32. WBCSD (2000) Eco-Efficiency: Creating more value with less impact, World Business Council for 
Sustainable Development, Geneva. 
33. Rayner, J., (2000) Risky Business – Towards Best Practice in Managing Reputation Risk, Institute of 
Business Ethics. 
34. Zadek, S. and Weiser, J. (2000) Conversations with Disbelievers, The Ford Foundation. 
35. CIRIA C571 (2001) Sustainable Construction Procurement: A Guide to Delivering Environmentally 
Responsible Projects, Cromwell Press, Wiltshire. 
36. SustainAbility/UNEP (2001) Buried Treasure: Uncovering the Business Case for Corporate 
Sustainability (January 2001), SustainAbility Ltd and the United Nations Environment Programme, 
London. 
37. Doane, D. and MacGillivray, A. (2001) Economic Sustainability: The Business of Staying in 
Business, The Sigma Project, London. 
38. Henriques, A. and Raynard, P. (2001) Social Sustainability Research Theme, The Sigma Project, 
London. 
39. Gibson, M. (2000) Environmental Sustainability: A Framework for Action, Chandos, Oxford.  
40. Hoinville, G., Jowell, R. (1978) Survey Research Practice, Gower publishing company, England. 
41. Fink, A. (1995) How to Analyse Survey Data: The survey Kit 8, Sage Publications, London. 
42. NCE (2002) Contractors File, Emap Construct Publication, London 
43. Moser, C.A and Kalton, G. (1971) Survey Methods in Social Investigation, Heinemann, London. 
44. Watt, H.D. (1980) The Large Industrial Enterprise, Croom Helm, London. 
45. CII (1994) Benchmarking Implementation Results, Teambuilding and Project Partnering, 
Construction Industry Institute, Austin, TX. 
46. Bennett, J. and Jayes, S. (1995) Trusting the Team: The Best Practice Guide to Partnering in 
Construction, Centre for Strategic Studies in Construction/Reading Construction Forum, Reading. 
47. Bennett, J. and Jayes, S. (1998) The Seven Pillars of Partnering, Reading Construction Forum, 
Reading. 
48. Akintoye, A. and Skitmore, M. (1991) The profitability of UK construction contractors. Construction 
Management and Economics, 9(4), 311-25. 
49. Hillebrandt, P., Cannon, J. and Lansley, S. (1995) The Construction Company In and Out of 
Recession, Macmillan, London. 
50. Agapiou, A., Price, A.D.F. and McCaffer, R. (1995) Planning future construction skill requirements: 
understanding labour resource issues. Construction Management and Economics, 13(2), 149–61. 
51. Ashworth, A. and Harvey, R.C. (1997) The Construction Industry of Great Britain, 2nd Ed., 
Butterworth-Heinemann, Oxford. 
52. Mackenzie, S., Kilpatrick A. R. and Akintoye A. (2000) UK construction skills shortage response 
strategies and an analysis of industry perceptions. Construction Management and Economics,18(7), 
853–62. 
53. ISO 14001. See http://www.iso.org for further details. 
54. Eco-MANAGEMENT AUDIT SCHEME. See http://www.emas.org.uk for further details. 
55. CIRIA NEWS, (2001) Construction Industry Research and Information Association, Issue 1, London. 
56. CIRIA NEWS, (2003) Construction Industry Research and Information Association, Issue 3, London. 
57. CEREQ (1991) Europe et Chantiers: Le BTP en Europe: Structure industrielles et march‚ du Travail, 
Actes du Colloque des 28 et 29 Septembre 1988, Plan, Construction et Architecture, Paris. 
58. Clarke, L. and Wall, C. (1996) Skills and the Construction Process: a Comparative Analysis of 
Vocational Training and Quality in Social Housebuilding, Policy Press, University of Bristol. 
59. Clarke, L. and Wall, C. (1998) UK construction skills in the context of european developments. 
Construction Management and Economics 16 (5), 553 – 567 
60. GRI (2000) Sustainability Reporting Guidelines on Economic, Environmental and Social 
Performance, June 2000, Global Reporting Initiative, Boston 
 
 
 
 
 Paper 5 (under review) 
 171 
APPENDIX E PAPER 5 (UNDER REVIEW) 
 
 
 
 
Adetunji, I., Price, A., Fleming, P. and Kemp, P., (under review). Sustainability in the 
Supply Chain: Construction Industry’s Perspective, Submitted to the Proceedings of 
ICE: Engineering Sustainability. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Sustainable Construction: A Web-based Performance Assessment Tool 
172 
SUSTAINABILITY IN THE SUPPLY CHAIN: THE 
CONSTRUCTION INDUSTRY’S PERSPECTIVE 
 
ISRAEL ADETUNJI1, ANDREW PRICE1, PAUL FLEMING1, PAM KEMP2 
 
1Centre for Innovative Construction Engineering, Department of Building and Civil 
Engineering, Loughborough University, Leicestershire, LE11 3TU 
2Raynesway Construction Southern Limited, Winchester, Hampshire, SO23 7TY 
 
 
Abstract 
Sustainable construction and supply chain management (SCM) have become two of the most 
important performance related issues within the construction industry. To achieve corporate 
sustainability, it is imperative that sustainability issues are integrated in the supply chains. The 
integration of sustainability issues throughout the supply chain is termed sustainable supply 
chain management (SSCM). Although SSCM is generally perceived as a powerful conduit for 
achieving corporate sustainability, achieving sustainability and SCM are complex undertakings. 
The study established the conceptual premise for successful SCM and SSCM and explored the 
tools and strategies for integrating sustainability issues in SCM within the construction industry. 
To achieve these, the research investigated the meaning, barriers and enablers, issues, tools and 
techniques, as well as the conditions for achieving successful SCM and SSCM. The study was 
grounded from the perspective of exemplar organisations with a proven track record in 
implementing sustainability issues in their organisations and related activities in the supply 
chain.  
 
1. INTRODUCTION 
Sustainable construction and supply chain management have become two of the major 
issues in the UK construction industry. The increasing environmental, social and 
economic impacts of the construction industry led to the demand for sustainable 
construction.1 Concurrently, in response to the recurrent poor quality of work, 
affordability and budget constraints in the public sectors,2-4 and under performance, low 
productivity, low profit margin, adversarial relationship and fragmented nature of the 
construction industry, it is suggested that the industry can benefit from adopting supply 
chain management.5,6 To achieve sustainable construction and SCM, it a common 
consensus that the Government, through its spending power and legislation, must take 
the lead. The results of recent developments have been: 
? a proliferation of various forms of supply chain management and procurement 
methods in the construction industry;  
? traditional measures of excellence (time, quality and cost) have now been widened 
to include environmental and social aspects of sustainability;7 
? importance of sustainable construction performance of  suppliers as sustainability 
issues are becoming one of the key parts of tender selection criteria;8 and 
? many large construction companies (by turnover) are developing a variety of tools, 
policies and strategies that measure and demonstrate their performance9. 
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The SCM is a powerful conduit for achieving the goal of sustainability.10 Traditionally 
SCM focuses on leveraging economic profits. However, through public pressure, of 
growing importance to the SCM in most industries is the social and environmental 
performance of suppliers. The exposure of poor environmental and social performance 
in the supply chain can have major repercussions on image, brand and economic 
profitability.10 Literature is full of numerous examples of companies (Shell, Nike etc.), 
which have faced exposure, and thereby suffered major economic loss.  There is 
growing awareness that sustainability cannot be achieved in isolation, but by working in 
partnership with supply chain members to jointly develop products and service based on 
environmental integrity, social equity and commercial viability. Accordingly, the 
majority of frameworks, (e.g. Sigma and The Natural Steps) for implementing 
sustainability issues at the business strategic level, advocate the need to integrate 
sustainability issues within SCM to achieve the goal of sustainability. This perception is 
increasing been shared among early adopters of sustainable development (The Body 
Shop, B&Q, BT, Boot, Pilkington) and sustainable construction (e.g. Balfour Beatty, 
Carillion and Amec).  
 
As a result, the concept of SSCM is emerging as a panacea. However, the concepts of 
sustainability and SCM are extremely complex and problems exist when theory meets 
practice.11  There is still an on-going debate on the meaning and how best to implement 
SCM and corporate sustainability as separate concepts let alone SSCM. Merging of the 
two concepts does not make the understanding nor practical application of either any 
easier. Although in the past five years, there has been considerable research into the 
separate issues of sustainable development and SCM, the concept of SSCM is still in its 
embryonic stage and the academic research and theory in this area is relatively young. 
Carter12 recommended the need for in-depth research into SSCM tools and strategies, as 
well as a better understanding of benefits and barriers of SSCM at company level.  A 
review of literature indicates that SSCM is becoming a major research focus in many 
industries with the exception of the construction industry. Even though, a desktop 
research indicates that a few proactive organisations (albeit large organisations) within 
the construction industry are already addressing some aspects of sustainability issues 
within their supply chain, there is yet to be any research documenting this trend.  
This study will attempt to fill the gap by identifying benefits, barriers, strategies and 
approaches used by major parties (i.e. client, contactors, subcontractors and suppliers) 
in the construction industry to drive sustainability issues within their supply chains. In 
the SCM literature, there is still confusion on the conditions under which its practical 
application is possible. For this reason as well as the novelty of SSCM, the paper will 
also explore the premise for achieving successful SCM and SSCM in the industry. 
However, the UK construction industry is extremely complex. It embraces the civil 
engineering, building engineering, manufacture, waste management, maintenance of 
roads and other structures, and the process plant sectors.13  Even though, the modes of 
execution are comparable, the scale, complexity and intricacy within the multitude of 
supply chains for construction products and services considerably differ.14 Furthermore, 
the implementation of sustainability and SCM is still confined within the remit of a few 
proactive large construction companies– notably those with government as major 
clients. Therefore, the complexity of the UK industry, the novelty of SSCM and the 
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need for in-depth study, necessitate the focus on a specific sector within the industry, in 
this case the road maintenance sector.  
2. METHODOLOGY 
The research is based on a combination of data derived from extensive literature review 
of academic journals, companies’ archive and information materials and in-depth semi-
structured interviews with clients (3), suppliers (3), contractors (3), and subcontractors 
(2) organisations within the road maintenance sector. The decision to focus on the road 
maintenance sector is the complexity of the industry and evidence of a well-established 
SCM technique (long term strategic partnering). The main clients in the sector are the 
government agents (Local Authorities and Highways Agency). The road maintenance 
contracts are procured via strategic partnering on a 5-year basis with an optional 2-year 
extension depending on performance. Generally the characteristics of the road 
maintenance sectors are similar to the construction industry; hence the sustainability 
issues addressed with the sector are parallel to those of the industry as a whole.  
To achieve the research objectives, a variety of staff (19 in total: from clients, 
contractors, suppliers and subcontractors) involved in developing and implementing 
sustainability issues and supply chain strategy in their organisations were interviewed.  
 
The sample comprised of respondents from different functions in the organisations 
(purchasing, marketing, environmental and contract managers) and from different levels 
of the supply chain. The study uses a collective case study approach to explore the 
perspectives of the parties involved at the key interfaces of SCM. A case study approach 
was used for the investigation mainly due to the need to retain the holistic and 
meaningful characteristics of real-life events.15 Because the concept of SSCM is 
relatively young, this negates the choice of companies with a proven track record in 
sustainability issues and related activities in SCM within the sector. Accordingly, clients 
and contractors organisations renowned for pioneering strategic partnering within the 
sector and at the forefront of sustainability initiatives and SCM were approached to 
participate in the research. The majority of these organisations are involved in the M4I 
demonstrated projects and are committed to the implementation of sustainability issues 
and SCM. Through these organisations access was gained to their key suppliers and 
subcontractors but only five of these organisations agreed to take part. The majority 
refused on the ground that they are too busy and/or is against their organisation policy 
to be involved in any academic research.   
 
The companies studied were chosen as exemplars in implementing sustainability in their 
organisations and throughout their supply chain so that good practice for the industry 
can be learnt from companies already engaged in it and discover how better to involve 
the industry as a whole towards successful SSCM. This research is grounded from the 
perspectives of senior managers in the procurement, environmental, health and safety, 
marketing departments of the exemplar organisations in the investigated sector. The 
research does not purport to be an exhaustive analysis of the whole sector; it only 
reflects the limited number (11 companies and 19 staff in total) of interviews, however, 
it does provide an indicative trend in the sector. Though the research focuses on the road 
maintenance sectors, the findings are not restricted in applicability to the sector, as most 
of the issues raised are generic to the whole construction industry because most of the 
suppliers and subcontractors tend to work across the industry and not just with the main 
clients and the contractors involved in this research. 
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3. LITERATURE REVIEW 
Based on the premise that successful SSCM is conditioned upon a well established 
SCM process, this section documents the review of literature regarding the meaning, 
barriers and enablers, and conditions for successful SCM in the construction as well as 
sustainability issues, tools and techniques and conditions for successful SSCM.  
 
3.1 SCM definitions and terminology 
Increasing global competition, cost pressure and market uncertainty16 have led to the 
pursuit of SCM. SCM is based on the premise that potential exists to improve customer 
service, reduce cost and achieve sustainable competitive advantage through upstream 
and downstream collaboration of the value chain.17 The lean philosophy informed 
SCM18 and the key issues addressed19-21 within SCM are collated and depicted in Figure 
1 below. The related literatures of SCM abound with a multitude of definitions. There is 
neither a universally adopted definition nor certainty on its practical application.22 The 
diversity and complexity of business philosophy embodied in the concept is reflected in 
the plethora of SCM definitions and confusion surrounding its practical application. In 
an attempt to clarify debate, several authors23,24 have reviewed various definitions for 
SCM. Examples of these definitions are: 
 
• the management of a network of organisations that are involved in carrying out the 
business process;25 
• a holistic approach to managing information, materials, funds and relationships outside 
and through the organisation, from the supplier’s supplier to the customer’s 
customer;26  
• optimisation of overall activities of organisation working together, ...to manage and co-
ordinate the whole chain.23 
Figure 1: Key of SCM issues 
 
Research suggests that these variations are mainly based on different standpoints of 
authors, industrial and functional area from which it is approached.12,22 The three 
metaphors of SCM from the industrial perspectives are depicted in Figure 2 below. 
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Figure 2: SCM definitions from three perspectives 
 
3.2 The dilemma of achieving SCM in the construction industry 
Major studies in the construction industry5,6 suggest that the industry (plagued with 
fluctuating demand cycle, uncertain production condition, fragmentised production 
process and adversarial relationship) can potentially benefit from SCM.27,28 Over the 
last few years, there has been a proliferation of research and practice in the field of 
SCM. In the process, several SCM techniques have been suggested and are widely used 
within the industry but to a varied degree of success. While SCM can deliver potential 
benefit,29-31 it has proved very difficult to implement32 and uptake in the industry is 
conspicuously slow.33 Research notes that only a few UK major construction clients and 
contractors have successfully implemented SCM as an integrative part of their business 
strategy for procuring projects.34 Figure 3 shows the development of SCM and SSCM. 
 
Figure 3: The development of SCM and SSCM 
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SCM advocates changes in culture and behaviour that is historically adversarial, short-
term, opportunistic and self-centred. According to Gattorma,35 the two main weaknesses 
of SCM are the difficulty in creating and maintaining a shared vision and strategy; and 
achieving and sustaining significant behavioural change both internally and externally. 
Research suggests that evidence of trust and commitment is virtually non-existent in 
most collaborative activity. 36 Parties find it difficult to adapt to the new ethos of 
openness and cost transparency. 37 Open book is not used to gain mutual benefits but 
rather as a means of reducing suppliers’ already thin profit margin. The relationship is 
more of a win-lose as opposed to the win-win situation advocated by most SCM 
literature. A number of studies have shown that costs of improvement activities are 
biased towards suppliers while the benefits, however, are skewed towards the 
customer.38,39 The achievement of both internal and external alignment is rare due to 
traditional reliance on price as a barometer for success, historical fragmentation of 
delivery systems and adversarial relationship,27 the temporariness and one-off nature of 
the construction projects40 and the belief that trading partners are interchangeable. 
  
3.3 Successful SCM in the construction industry: two opposing schools of thoughts 
The debate on how SCM can be achieved in the construction industry is far from over 
and it is an area where rhetoric appears to be moving well ahead of reality.32,41 The 
literature on SCM regarding the conditions for successful SCM in the construction 
industry can be divided into two schools of thought as depicted in Figure 4. 
Operational efficiency and effectiveness: cooperation based on trust and equity 
Most writings in the construction literature fall into this category. A general tenet is that 
integration and cooperation is the panacea for the industry fragmentation,28 adversarial 
culture and low profit margin.5,6 In literature, a number of variables such as trust,42 
commitment43 and win-win scenario are referenced to be crucial. Trust that parties act in 
a consistent but not in an opportunistic or exploitative manner, while commitment is the 
belief that the trading partners are willing to devote energy to sustaining the 
relationship. A win-win scenario for all parties to safeguard against the tendency to act 
as opportunistic and ensure that parties work hard for the common goal. This approach 
takes a remarkably benign view of developing and maintaining inter-organisation 
relationships.22 The achievement of this premise in practice is highly contentious, as 
various researches have shown. While this approach may be appropriate for certain 
players in the industry under certain circumstances, they are unlikely to be appropriate 
for all players in all circumstances as propagated by most authors due to the nature and 
complexity of the construction process.13  
 
Strategic efficiency and effectiveness: Compliance based on power relations 
The view argues that there is an intellectual flaw in the assumption that successful SCM 
based on trust and equitable relationship is achievable in all situations44 and amenable to 
the construction process as propagated in most literature but rather on power regime and 
structural dominance.13 This is a situation whereby a dominant player is strategically 
placed to control the key resources that appropriate value and create a structured 
hierarchy of relatively dependent suppliers who pose no threat to the flow of value 
appropriation and pass value to the dominant player.45,46 High purchasing power; 
regularity and predictability of workload; and extensive knowledge of the construction 
process are seen as significant intervening variables, which determine whether or not 
proactive SCM approaches can be implemented within the construction process.13 These 
variables provide the buyers (clients) with power resource and ability to work in a 
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proactive and collaborative manner with trading parties to achieve its procurement 
objectives of obtaining best value, and avoid the inherent problems of the industry. 
Both views, however, concur on some issues47 such as internal and external alignment 
through co-ordinated teams and cross functional integration to ensure a flexible, 
adaptive and open organisations, exchange of information and knowledge transfer 
leading to innovation; effective communication in terms of frequency and quality of 
information;48 willingness to share information to improve overall performance;22 
commitment to common goal and mutual support;49 and continuous innovative effort. 
This discursion raises an additional research question concerning the interplay of the 
mode of cooperation (equity and/or power relationship) in the context of the conditions 
for successful SSCM. 
 
 
 
 
 
 
 
 
Figure 4: The two schools of thoughts for achieving SCM 
 
3.4 The concepts of Sustainability and SCM 
The burgeoning complexities of environmental and social impacts of production and 
consumption patterns have led to the need for the demand for a systematic approach to 
integrate sustainability issues in SCM. The increasing global awareness driven by: the 
creation of a ‘global agenda for change’50 capacity building activities; and the 
proliferation of legislations have put considerable pressure on industries worldwide. 
Grounded on a well-articulated business case, an increasing number of companies are 
proactively implementing sustainability issues in their business process. However, 
greater awareness is required of the need to involve the supply chain as part of a 
company’s corporate sustainability agenda. This provides other cogent reasons for both 
private and public sectors to broaden the conceptual scope of SCM.10  
 
SSCM can be defined as the identification of problematic social and environmental 
issues throughout the supply chain, the assessment of their impact and risks, and the 
development of measures to improve them.11 A catalogue of studies have documented 
the environmental, social and economic performance of the construction industry and 
advocated significant change.1,9 More research has been conducted in relation to SSCM 
in other industries but very little within the construction industry. Most research in the 
construction industry has tended to focus on specific operational and tactical aspects of 
the supply chain51 such as client-contractor relationships,40 main contractor and 
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subcontractor/supplier interface,27,52 environmental performance,53 and sustainable 
construction as a separate issue. This study therefore sought literature on environmental 
management and SCM as well as sustainability and SCM both within and beyond the 
industry to provide a theoretical base for this study and to further explore the following 
questions within case study organisations: 
 
Q: How is the concept of sustainability and supply chain management understood within the case study 
organisations? 
 
Functional/department involve in implementing SSCM 
Successful SCM demands effective and close alignment of various functional units such 
as purchasing, logistics, marketing, and manufacturing as well as suppliers and 
transportation providers.54,55 In light of the drive towards better environmental 
management both within organisations and throughout supply chain, research suggests 
that the role of purchasing is increasing subject to re-evaluation and their role is 
becoming more significant and pivotal to drive environmental initiatives.56 The 
integration of sustainability issues in SCM widens the scope to include other 
departments and functions such as environmental, health and safety, contract manager, 
training and development, R&D and human resources.12 
 
Q: To what extent are these functions/departments involved in integrating sustainability issues within the 
case study organisations 
 
Sustainability issues for SCM 
In most industries, the sustainability issues addressed within SCM are environmental, 
social and ethical issues.11,12 Within the construction industry, there is a wealth of 
information on the generic sustainability issues relevant to the construction industry1,57-
59 and a few examples are collated in Table 1 below.  
 
Q: Is the full spectrum of issues usually implied by the term sustainability been addressed within the case 
organisations? 
 
Table 1: Sustainability Issues 
Sustainability 
Dimension 
Theme Specific Issue 
Competitivene
ss 
Efficiency, productivity, profitability, investment, employment, 
innovation / R&D 
Economic Value for 
money 
Whole life costs, life cycle assessment, risk assessment, value 
management, lean construction, affordability, budget constraint, road 
users’ cost during maintenance work 
Energy Energy efficiency, use of renewable vs. non-renewable 
Materials Efficiency of use, use of renewable vs. non-renewable, embodied energy, transport energy, use of local outsource 
Water Efficient use, pollution of surface and groundwater 
Land Ethical use of land, use of brown-field vs. green-field sites, degradation / pollution 
Waste  Elimination, source reduction, re-use, recycle, treatment & disposal 
Air Local air pollution, noise pollution 
Environmental 
Nature 
conservation Protection of wildlife habitats 
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Build 
environment Quality of built environment, equity of access, disruption to road users 
Employees Working environment, health and safety, training and development, equal employment policy 
Community Construction impacts (noise, nuisance etc), contribution to viable, safe and cohesive communities, community involvement 
Social 
Wider society Industry accountability 
 
Enablers and barriers to SSCM  
SCM relationship is an important facilitator for successful integration of sustainability. 
The SSCM research in other industries suggests potential benefits and pitfalls.11,12 As 
sustainability performance of supply chains becomes a more important issue for 
companies, various techniques are being introduced for understanding the issues, 
assessing the risks, monitoring suppliers’ performance and raising standards along the 
chain.12,60 Research indicate that most of these tools are still at an embryonic stage of 
development and there is still some uncertainty regarding the most practical, credible, 
efficient and cost effective. In addition, the choice of tools for individual firms will 
depend on organisation culture, market position and sustainability issues most exposed 
to.60 
 
Q: what are the drivers, benefits, barriers, and tools and techniques used within case study organisations 
to integrate sustainability issues in their supply chain? Do the sustainability issues exposed to, culture 
and market position of individual organisations impact on the choice of tools and techniques? 
 
The conditions for successful SSCM 
The previous discussion on inter-firm relationship (Figure 4) is observed in the 
literature on successful integration of environmental issues in SCM. The innovative 
approach to reducing packaging in the health care and retail sectors provides a good 
example of collaboration based on trust and equity. While how Toyota successfully 
achieves its concept of ‘lean’ and environmental management; and how B&Q, Interface 
and many others successfully integrate environment and wider sustainability issues in 
their supply chains are a few examples of collaborations based on power regime and 
dominance. This evidence inevitably indicates that the diffusion of environmental 
improvements might operate differently in industries and supply chains with different 
structural formations; and the effectiveness of green purchasing policies vary between 
contexts.56 
 
It is imperative that certain conditions are met for effective SSCM. According to 
Lippmann,61 top-level leadership, cross-functional teams, effective communication, 
multiple information channels, effective processes for evaluating suppliers, targeting 
first-tier suppliers, incorporation of environmental issues for evaluating suppliers, 
integration into existing SCM processes, continuous improvement, collaboration among 
parties and willingness to end non-performing relationships as critical conditions. 
Recent research indicated the process must be rewarding for all parties, should be 
undertaken in partnership and the ‘market rule’ must support the efforts for successful 
SSCM.11,12 In addition to these conditions, through deductive reasoning from the 
literature review herein, shared vision and strategy, transparency and trust among all 
parties involved, are crucial. These conditions were examined and validated within the 
case study organisations and the outcomes are summarised in Table 3 below. 
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Q: To what extent do these conditions exist and which type of inter-firms relationship exists in the case 
study organisations that facilitate the diffusion of sustainability issues within the supply chain? 
 
 
4.0 RESEARCH FINDINGS AND DISCUSSION 
 
Some of the major findings of the research can be summarised as follows: 
 
4.1 Understanding of the concept 
The initial stage of the study explores the interviewees’ understanding of SCM, 
sustainable construction and SSCM. The clients’ description of SCM reflected the 
public sector’s perspective while those of contractors, suppliers and subcontractors 
organisations generally follow the construction industry’s perspective as shown in 
Figure 1. There is a general consensus among all parties that sustainability is a very 
complex and cross-cutting concept. However, it was recognised that sustainability 
comprises three components: environmental, social and economic issues. With the 
exception of the subcontractors, one supplier, one contractor, all the interviewees 
consented that their organisations have developed sustainability strategies and produced 
a documentation of proof. There is evidence that all have either EMS certification to 
ISO 14001 or proof of in-house EMS systems. The term SSCM is generally unknown 
but there is a very high level of awareness of green procurement, green purchasing and 
environmental supply chain management. This is understandable, as these are common 
terms within the clients’ organisations (public sector) and the reflection of the scope of 
sustainability issues addressed with the SCM. 
 
4.2 Sustainability issues addressed 
There appears to be lack of integration of the wide spectrum of sustainability issues in 
the SCM. It seems there is more focus on the environmental issues possibly due to the 
clients’ green procurement policy (the ‘Greening Government’ programme focuses on 
the incorporation of environmental concerns into public procurement) and the high 
exposure of the sector to environmental legislations (as many similarities exist between 
the waste management sectors and the road maintenance sector). The analysis of the 
spectrum of sustainability issues addressed within the supply chain mainly focus on the 
environmental aspect of sustainability that can yield economic rewards. Examples of 
these are waste management to reduce landfill tax, recycling initiatives, material 
innovation, pollution avoidance, reduction of generic construction material usage 
(water, energy), transport policy (to minimise disruption to road users during road 
works) and so on. The only social issue features in the issues being addressed is the 
health and safety, possibly due to the poor health and safety records of the industry. 
 
4.3 Functions/departments involved in integrating sustainability issues in the SCM 
The analysis of the research indicates that some of these department/functions are more 
involved than the others as shown in Figure 5. The most involved department/function 
is the procurement/purchasing department while the least involved is the human 
resources department. This finding is consistent with the common perception within the 
sector that environmental concerns are more tangible than the social aspect of 
sustainability. 
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Figure 5: Functions / department involved in SSCM 
 
4.4 Drivers for integrating sustainability issues in SCM 
The study indicates the power of clients to motivate changes. Several of the contractors, 
subcontractors and suppliers suggest that clients request for better environmental and 
health and safety performance have yielded major influence in getting support at the 
board level and hence the main catalyst for achieving environmental management 
accreditation to ISO 14001. Some, with the exception of the subcontractors, indicate 
that their organisations also have or are in the process of working towards third parties 
accreditations such as Investors in People, quality management ISO 9000: 2000, health 
and safety (RoSPA and/or OHSAS). The study suggests that achieving best value for 
the client, meeting clients’ targets, minimising risk, compliance with environmental 
legislation and contractual requirements, maximising added value, reducing total cost 
across the entire trading process and gaining competitive advantage are the main 
drivers. These drivers can be broadly grouped into customer focus, cost leverage, and 
environmental correctness. These findings are consistent with the major premise for 
various policy reviews and initiatives in both the public sector and the construction 
industry over the past years. 
 
4.5 Benefits of integrating sustainability issues in SCM 
The supply chain provides the focus for any organisation, whether service- or product-
based, seeking to improve the social, environmental and economic performance of its 
operations. A substantial business benefit can be achieved through a combination of 
leadership commitment, practical initiatives, and improved systems and processes. The 
majority of the respondents indicate a positive impact on the bottom line and cited 
several business benefits as collated and depicted in Figure 3. This indicates that a well-
crafted and successful integration of environmental/ sustainability issues in the supply 
chain relationship can create business value. 
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4.6 Barriers to integrating sustainability issues in SCM 
The respondents conveyed a number of barriers to overcome when collaborating on 
environmental/sustainability initiatives. The findings were colourful and pointed to 
some intriguing problems. The difficulty of achieving behavioural and cultural change, 
procurement restriction, cost issues, commercial risks, clients’ unwillingness to pay a 
premium for sustainable construction innovation and rigid specifications are cited as 
major barriers. These and other challenges are elaborated below: 
 
• Restriction of WTO and EU legislation on procurement: the UK public sector’s 
SSCM is restricted by the global and continental trade rules such as the World Trade 
Organisation’s (WTO) Government Procurement Agreement and the European 
Union (EU) Treaty, which mandate ‘Open tendering’ and non-discrimination 
procurement practices for the member countries.  
• Laxity of procurement policy: the UK Government procurement policy is mainly 
based on the concept of "value for money". However, due to the devolved nature of 
procurement responsibilities, the scope of its practical application mainly depends 
on the different levels of government and specific department. This laxity seems to 
be a major barrier to SSCM. There is still no level playing field as procurement 
practices have largely so far focused on price and the commitment to sustainability 
issues have been an act of faith rather than contractual deliverable. 
• Symbolic quality submission: pre-selection systems tend to accept ‘just enough’ as 
the pass mark and then allow the next phase of the tender process to be awarded 
primarily on a cost basis which does not reward those companies ‘making a real 
difference’. 
• Low risk culture: there is a general perception that clients are unwilling to take risks 
or sometimes reluctant to share risks and opt for well tried and tested materials and 
construction processes. 
• Cost of innovation and commercial risk: clients are sometimes unwilling to share 
the cost or pay a premium for sustainable construction innovation. Because of 
commercial risk, long history of conservative and adversarial relationship, suppliers 
do not always share certain commercial information and hence there are practical 
limits to transparency and open book approach. 
 
4.7 Tools and strategy used for implementing SSCM 
The research findings suggest the existence of a wide-ranging advance and innovative 
SSCM tools and techniques in operation. However, the scope mainly focuses on 
environmental aspects and less on other aspects of sustainability issues. The study 
observes a high culture of health and safety and environmental consciousness within the 
case study organisations, possibly, due to the sector’s high exposure to environmental, 
health and safety issues, and the clients’ green procurement strategy. The high exposure 
and clients’ market position appear to have influenced the choice of tools and strategies 
as more importance is placed on achieving third parties certifications (especially ISO 
14001) and meeting clients’ PSA targets. The inventory of tools and techniques used 
within the sector are collated in Table 2 below. 
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Table 2: The Inventory of tools and techniques within case study organisations 
Tools Description 
Pre-qualification 
assessment: 
such as qualitative (essay format e.g. quality submission) and quantitative (rating 
of statements e.g. Capability Assessment Toolkit) methods. The quality 
submission is common within the Local Authority contracts, which demands 
written statements from contractors on a set of issues such as design, recycling 
initiatives, innovation in material use and other environmental issues. Very 
recently, the Highways Agency introduced CAT, a self-assessment tool covering 
such issues as internal resources, partnering, processes, people, strategy and 
planning, direction and leadership. 
Third party 
certification: 
such as ISO 14001 Environmental standard. Many clients insist that their 
contractors and suppliers meet this standard. 
Pre-qualification 
database: 
of contractors, suppliers, subcontractors that meet legislative requirement, high 
environmental management standard with proven records of technical ability and 
innovation. This is undertaken through questionnaires and interviews on 
environmental policy, awareness and achievements, and working conditions. 
Continuous 
improvement 
agreement: 
requirements in procurement contracts for supply chain parties to work with 
clients to continuously improve the environmental performance and achieving the 
governmental Public Sector Agreement (PSA). 
Behavioural code 
of practice:  
 
where appropriate, projects are registered on the Considerate Contractor Scheme 
(CCS). The CCS is a voluntary initiative for better site management to reduce site 
noise and nuisance, waste and improve working relationships between contractors 
and subcontractors. 
Procurement and 
contract 
guidelines: 
a handbook containing procurement procedure, environmental requirements, 
environmental manual containing a list of hazardous substances to be avoided, 
vehicle procurement specification and so on. 
Strategic alliance 
and partnering: 
contracts are awarded to contractors on 5-year basis through strategic alliance. 
Partnering between contractors and first tier subcontractors and suppliers, where 
appropriate, is common. 
Validation of 
performance: 
is a crucial part of the management process. Examples of tools used for 
validations are reviewing questionnaires and documentation from contractors, 
subcontractors and suppliers, site visits, third-party audits, measurement of 
contract performance using jointly agreed indicators. 
Training and 
communication:  
third parties and in-house training on such issues as environmental and health & 
safety issues. Communication materials such as Toolbox talks, workshops, 
brochures, information on internets and intranet, and newsletters are commonly 
used. 
Collaboration 
with supply 
chain:  
on R&D, development of environmental efficient product, waste management 
system, to meet environmental targets etc. There are hosts of examples of 
innovation through collaboration in the area of waste management, resources use 
and material. 
Operational 
integrity:  
contractors are required to work toward ISO 14001 certification for depots. 
Individual businesses within the group set up their own management systems to 
comply with the parent company’s environmental requirements. Use of 
environmental co-ordinators at various levels working closely with procurement, 
marketing department. 
Purchasing 
specifications:  
 
for product and services is a useful tool for influencing the supply chains. 
Examples of purchasing specifications involve restriction on certain 
environmental damaging substances, amount of recycling material use, whole life 
costing outcome and so on. 
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4.8 Assessment on the Conditions for SSCM and type of inter-firm relationships 
This assessment was based on the discussions and observations during the interviews, 
and review of various literatures from the case study organisations. The conditions for 
SSCM are assessed on a three scales; namely high, medium and low as shown below. 
The inter-firm relationship observed in the supply chain network posses the 
characteristics of structural dominance and power regime. This structural dominance 
exists in the Clients-Contractors relationships, and the Contractors-Network of 
subcontractors and suppliers relationships. This situation is referred to as extended 
buyer (clients) dominance. Such an environment has been argued as one of the most 
conducive environments for successful implementation of SCM in the construction 
industry.13,62 In the sector, there are very few major contractors and the sole clients and 
only source of revenue are the government agents (Local authority and highways 
Agency). Road maintenance involves high capital expenditure and environmental 
impact. The need to maintain the road network within budget (due to budget constraint 
and affordability), fewer disruptions to road users and low environmental impacts are 
major priorities for the clients.  
 
The large volume and regularity of workload, extensive knowledge of the road 
maintenance process and the high revenue dependence of the main contractors and their 
supplier chain networks allowed the clients to achieve its business objective of 
obtaining ‘value for money’. The client, through extended structural dominance, is able 
to control its supply chain by adopting a long-term strategic partnering arrangement 
with the contractor. The key parts of the contractor selection criteria, aside from cost, 
are evidence of: environmental correctness; innovation in material and construction 
process; supply chain network of subcontractors and suppliers, health and safety 
performance of the main contractors. The contractor is also able to leverage power on 
its selected/ preferred supply chain network of subcontractors and suppliers through 
regularity of workload, high purchasing power and extensive knowledge of the 
maintenance process. This approach is highly proactive and enables the clients to 
directly manage the upstream and indirectly the downstream supply chains and facilitate 
the diffusion of environmental/ sustainability issues.  
 
Table 3: Assessment on the conditions for SSCM 
No. SSCM conditions Assessment 
1 Top-level leadership High: it is a common practice that senior management 
meet regularly to discuss progress and set targets  
2 Cross-functional integration Moderate: some functions are more involved than the 
others. Though there is evidence of horizontal structure, 
the historical dichotomy between departments and 
functions still persists 
3 Effective communication High: there are well established modes of both internal 
and external communications e.g. periodic meetings, 
yearly communication day to engage all stakeholders, 
information on the intranet, extranet and internet etc 
4 Multiple information channels  High: there is substantial evidence e.g. mission 
statements, codes of conduct, meetings, questionnaires, 
contract conditions, supplier newsletters, periodic 
performance reviews 
5 Effective processes for targeting, 
selecting, working with and 
evaluating suppliers 
High: evidence suggests a host of advanced and 
innovative tools and strategies 
6 Must target first-tier suppliers, Moderate: not in all cases. There is a reluctance to reduce 
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contractors and subcontractors the number of suppliers and subcontractors 
7 Incorporate sustainability issues as 
part of supplier solicitation, 
selection and monitoring to ensure 
that only sustainability aware 
suppliers approach them for 
business 
Moderate: the process is highly geared towards the 
environmental aspect of sustainability and less on other 
aspects.  
8 Integration into existing SCM 
processes 
High: but the focus is more on environmental aspects and 
less on other aspects of sustainability. 
9 Ensure continuous improvement High: the relationship is based on continuous 
improvement; as a result there is business improvement 
department with a senior management involvement. 
Employees are encouraged and rewarded for innovative 
ideas 
10 Willingness to end relationships 
which fail repeatedly to meet 
environmental expectations 
Moderate: Not necessarily based on environmental issue 
alone but as well as (if not more on) price commitment. 
11 Allow for collaboration and joint 
problem solving 
High: various innovation in material and construction 
processes are evidence of collaborations among the 
parties  
12 Process must be rewarding for all 
parties 
 
Low: the process is mainly geared towards reducing cost 
for and meeting the client’s Public Services Agreement 
(PSA) targets.  
13 Partnership culture 
 
High: there is very strong evidence of partnership culture 
and most of the parties interviewed are regarded as the 
pioneers of strategic partnering in the sector. Contracts 
are awarded through strategic partnering on a 5-year 
Term Maintenance contract (Local authorities) or 
Management Agent Contractor (MAC in the Highways 
Agency). With these arrangements, contractors, suppliers 
and subcontractors work together to achieve clients 
objectives 
14 Transparency and trust among all 
the parties involved 
 
Moderate: evidence from a few subcontractors and 
suppliers suggest an arms-length relationship with their 
clients and or contractors. In general, there seems to be 
an element of trust and honesty. However, this assertion 
is purely based on the fact that most of the parties 
interviewed have been working together for over 10 
years and one of the contractors described their 
relationship with clients as ‘closely tight’ that you hardly 
notice the joint. 
15 Shared vision and strategy Moderate: though a shared vision and strategy exists, the 
cultural barriers and the historic division of functions and 
departments make this difficult to maintain and execute 
 
5.0 CONCLUSIONS 
Supply chain solution is increasingly an essential part of corporate sustainability. 
Companies that are serious about achieving corporate sustainability know they must not 
only change their own practices, but their supply chains too. This study has established 
the conceptual premise for successful SCM and SSCM and explored the tools and 
strategies for integrating sustainability issues in SCM within the construction industry. 
The terms SCM and SSCM are evolving concepts. SSCM can be defined as the 
identification of problematic sustainability issues throughout the supply chain, the 
assessment of their impact and risks, and the development of measures to improve them. 
Within the investigated sector, the study revealed a general understanding of the 
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concept of sustainability and supply chain. However, the term SSCM is relatively 
unknown rather green procurement/purchasing. This is consistent with the SSCM 
practice found within the organisations studied. The reasons being: the clients’ green 
procurement strategy and the high environmental impacts on the sector. SCM 
relationship can be very effective for raising social and environmental performance but 
the practice found within the case study organisations currently addresses a narrow set 
of sustainability issues and the involvement of certain functions/departments for 
successful SSCM are limited. 
 
The sustainability/ environmental issues exposed to, culture and market position of 
individual firms would impact on the choice of tools and techniques employed in 
various industries. The study observed a high culture of health and safety and 
environmental consciousness within the case study organisations due to the sector’s 
high exposure to environmental, health and safety issues, and the clients’ green 
procurement strategy. The high exposure and clients’ market position appeared to have 
influenced the choice of tools and strategies as more importance is placed on achieving 
third parties certifications and meeting clients’ PSA targets. The research findings 
suggested the existence of a spectrum of advanced and innovative SSCM tools and 
techniques in operation as collated in Table 2. However, there is a need to widen the 
scope to include wider sustainability issues and standardise these tools. 
 
The SCM relationship is a powerful conduit for any organisation, whether service-or 
product-based, seeking to improve the social, environmental and economic performance 
of its operation. However, the diffusion of sustainability/environmental improvements 
would operate differently in different industries and supply chains with different 
structural formation. This study has shed light into the debate on the uncertainty 
regarding the circumstances amenable to achieving SCM in the construction industry. In 
this context, two schools of thoughts are found in literature as depicted in Figure 4. Due 
to the nature and complexity of the construction process, the SCM relationships within 
the industry is, more often than not, based on dominance and power regime as 
confirmed in the case study. In the organisation studied, the inter-firm relationship 
observed in the supply chain network posses the characteristics of extended structural 
dominance and power regime and provides the environment for the diffusion of 
environmental/ sustainability issues. While this can deliver positive improvements 
(Figure 3) and operate within a wider set of conditions (Table 3), it also raises a number 
of dilemmas that need to be redressed, for example the distribution of costs-benefits, the 
scope of issues addressed, the involvement of cross-functional team, the use of cost as a 
key barometer of success and so on. 
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APPENDIX F SUPPORTING DOCUMENTS 
I. Consultation Questions and Responses To ‘Taking-it-on: 
developing UK sustainable development strategy together’ 
II. A checklists of Practices for the construction industry towards 
the Path of Sustainability 
III. A Framework for sustainability change management process  
IV. ConPass Model Evaluation and Validation Questionnaire 
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Consultation Questions and Responses 
Taking-it-on: developing UK sustainable development strategy 
together 
 
The approach to a new strategy 
 
1: What do you think of our approach to the content and structure of a new 
strategy? 
 
  
 
 
 
 
 
 
What is sustainable development, and how do we do it? 
 
2: Is an explanation of what sustainable development means based on the UK 
Government’s four objectives approach of the 1999 strategy useful? 
 
• if ‘Yes’, what changes would you make to improve it? 
• if ‘No’, how would you explain it instead? 
 
 
 
 
 
 
 
 
 
3: What should be our vision of sustainable development for the UK? 
 
 
 
 
 
4: What should be the guiding principles for UK decision-makers, and how can 
they be made widely practical and relevant both within and beyond government? 
 
 
 
 
 
 
 
Sustainable development is a contestable concept and has many basic meanings like most political 
objectives such as liberty, social justice and democracy, which attractS multiple competing 
interpretations. Hence, the structure and scope of the new strategy is explicit because it does not 
attempt to reach a consensus on a clear-cut definition of sustainable development but rather a shared 
understanding of sustainable development and consensus on the values that would underlie any such 
definition. However, it needs to be more action orientated with detailed implementation and achievable 
delivery time span 
The explanation is useful except the 4th objective. The fourth objective is nothing but a statement of 
intent to preserve the status quo, that is, business as usual. The word ‘maintenance’ and ‘growth’ needs 
to be redefined. In its current formulation, it reinforces the status quo of business as usual and is 
incompatible with other three objectives.  
 
Revisiting the Brundtland report, the underlining message in Our Common Future is the reorientation 
of development and economic growth to meeting people’s basic needs. Therefore, what about 
“Maintenance of high and stable levels of economic growth within the earth’s carrying, regenerating 
and assimilating capacity?” 
The vision must be simple, inspiring, describe intent, lucid and paint an absorbing positive picture of a 
future condition that people feel committed to achieve. The current vision ‘a better quality of life for 
everyone, now and for generations to come’ meets these criteria BUT needs to be further 
communicated to the public to win their hearts and minds.  
There are a plethora of powerful practical guiding principles out there such as the Natural Step System 
Conditions, the CERES principles, Bellagio principles, the natural capitalism and the social, economic, 
environmental capital principles. These need to be reviewed and integrated in the current principles. 
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5: Are there any social, economic or environmental limits that must be protected in 
all circumstances?  If ‘Yes’ what do you think they are? 
 
 
 
 
 
 
Setting priorities 
 
6: Are the four priority areas identified above the right ones for the UK as a whole 
to focus on over the next few years?  If ‘No’, what would you change? 
 
 
 
 
 
7: What issues do you think are important, or better dealt with, only within the 
separate UK Government, Scottish Executive, Welsh Assembly Government or 
Northern Ireland strategies, or at a regional or local level? 
 
 
 
 
 
 
 
Climate change and energy 
 
8: How can we encourage more public involvement in action to reduce emissions? 
 
 
 
 
 
9: How can more people and organisations be encouraged to consider the impacts 
of climate change on their activities, and to respond to them? What are the opportunities 
for, and barriers to, progress? 
 
 
 
 
 
10: What opportunities are there for making sure that considering the impacts of 
climate change are an essential part of policy and decision-making as part of the drive 
for sustainable development? 
 
 
 
 
The whole idea of sustainable development is based on the notion of economic growth and social 
progress, which recognises environmental carrying, regenerating and assimilating capacity. A few 
examples of environmental and social limits to be protected are renewable and non-renewable natural 
resources, use of chemicals, water and air pollution, land contamination, loss of biodiversity, human 
safety, inter- and intra-generational equity etc. 
Achieving sustainable development requires a change in mental mode and cultural change. This 
demands major re-education, awareness raising and capacity building are crucial. These need to be top 
of the list because the four prioritised areas cannot be achieved without education, awareness raising 
and capacity building. 
Increased awareness on the cause and effect of climate change, improvement of public transport to 
encourage modal switch, monetary incentives for using alternative sources of fuel, affordable 
renewable energy, and more investment in research on greener technology, positive taxation and above 
all capacity building. 
As above. Plus: extension of action energy scheme to large organisations, public education on energy 
savings, tougher building standards and regulations, use of eco-labeling, emission trading, subsiding 
and tax incentives for environmental friendly products, eradication of dogmatic standards and licensing 
procedure for environmental benign products and services. 
Of all the major challenges faced by mankind today, climate change is probably the most pervasively 
threatening and most intractable. The construction industry and its built environment have a major 
impact. The consideration of climate change in decision-making should be mandatory and legally 
required. The Government must show leadership and political will, the current planning processes 
must be reviewed and pre-development impact assessment must be mandatory, legislations, 
regulations, fiscal instruments and economic measures are essential.
There is a need for both top-down and bottom-up approaches. The top-down approach should involve 
the national strategy and framework containing the overarching vision, objectives and targets as 
guidance at devolved, regional and local level. While the bottom-up approach should involve 
devolved, regional and local strategy and initiatives to achieve the national framework such as 
community development, awareness raising, capacity building, protection of green space, collation of 
performance data, etc.
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Sustainable consumption, production, and use of natural resources 
 
11:  What steps do you think government, business, and others should be taking to 
promote a more innovative, competitive, resource-efficient, low-waste, economy whilst 
also improving our environmental performance? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
12: What steps do you think need be taken by government, business, and others over 
the short and long-term to help businesses make more sustainable products (ones that 
have reduced environmental and social impacts)? 
   
 
 
 
 
 
 
13: What steps do you think need to be taken by government, business and others 
over the short and long-term to help business and household consumers choose more 
sustainable goods and services? 
 
 
 
 
 
 
 
14: What areas of consumption do you think need to be tackled first? Why? What 
actions need to be taken by whom? 
 
 
 
 
 
• Changes in legislation that prohibit environmental innovation  
• Increase cooperation between businesses and government bodies  
• Encourage sharing of information between government bodies to reduce delays and 
duplication 
• Thorough review of material and product specification to encourage environmental and 
sustainable product innovation 
• Creation of environmental/best practice forums in different business sectors 
• Environmental management accreditation must be legally required for all organisations 
• Tax break and other fiscal incentives for resource efficient organization  
• Public sectors made to procure the most sustainable products and services  
• The current method of public work contracts selection based on ‘Best value’ is narrow in 
scope and money-centric. This needs to be replaced with multi criteria analysis with sustainability 
issues featuring strongly. 
• Reduce the cost of obtaining waste management license 
• Promote the use of waste hierarchy and clarify the term ‘waste’ 
• Overhaul of specifications and standards to encourage well tried and tested recycling products 
e.g. aggregate, concrete etc. 
• Public sectors sustainability agreement should be linked with bonuses and incentives from the 
• As above, plus 
• voluntary agreements; 
• more funding for research; 
• encourage and provide incentive for product stewardship; 
• encourage the use of whole life costing and other impact assessment tools; and 
• Mandatory companies sustainability reporting and verified by third parties. 
• Education and awareness raising on such issues as fair-trade, purchase of local produce, eco-
labeling, tax break and lower VAT for sustainable products and services to make them affordable 
• Producers to provide accurate and detailed information on the environmental and human health 
impact of their product 
• Compulsory end of life take-back-policy by producer 
• Provision of household recycling mechanism by the council 
• Use of fossil fuel because it is the major cause of global warming and government must promote 
alternative fuel 
• Conservation of both renewable and non-renewable natural resources e.g. fish stocks, timber, 
rainforest, water etc. 
• Use of construction materials and waste management 
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Environment and social justice 
 
15: How should we bring together ‘environment’ and ‘social’ concerns at national, 
regional or local level? 
 
 
 
 
 
 
16: What more could be done to tackle environmental inequalities? 
 
 
 
 
 
 
 
Helping communities to help themselves 
 
17: What are the main barriers to community action on local social or environmental 
issues? 
 
 
 
 
 
 
 
18: What can be done at a national or local level to improve support for community 
action and participation in all areas? 
 
 
 
 
 
 
 
19: How can we empower communities to take greater control over the quality of 
their local environment and to tackle their other priorities? 
 
 
 
 
 
 
 
 
 
• As above, plus 
• Legislation, regulation and fiscal and economic measures 
• Investment in deprived areas and supporting local communities initiatives 
• Review planning system to promote more sustainable built environment and provide incentive to 
private investment in deprived local communities 
• Promote civic pride and sense of ownership to prevent ‘tragedy of the common’  
• Lack of community involvement and engagement, and no sense of ownership 
• Lack of knowledge and difficulty of operationalising sustainable development 
• No clear line of leadership and accessibility to people in charge at most local authorities 
• Sustainable development is not a high priority for many local councils 
• Lack of funding to pursue sustainable initiatives 
• Inconsistent actions and bureaucracy 
• Community engagement and involvement to promote a sense of ownership 
• Use of various modes of communication and provision of accessible information  
• Create community sustainable development action group to promote community initiatives and 
community make-over 
• Support neighborhood make-over scheme 
• More funding 
• The above, plus 
• Create a sense of ‘neighborhood’ 
• Social reform through tax and income redistribution  
• Education and effective communication 
• Joined up thinking at various levels of government 
• Grass root involvement and empowerment through dialogue and consultation 
• Further research into the implications and solutions to social and environmental equity and justice 
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Changing behaviour 
 
20: How is the UK likely to be most successful in achieving the behaviour changes 
that will be needed if we are to move toward long-term sustainability, and what would 
be the right balance of measures by government and others? 
 
 
 
 
 
 
 
21: How can communication and raising awareness support government and others’ 
efforts most effectively? 
 
 
 
 
 
Beyond the UK - sustainable development in Europe and internationally 
 
22: What are the top international and EU priorities for sustainable development that 
should be dealt with in the new sustainable development strategy? 
 
 
 
 
 
 
 
 
23: How can we in the UK, at all levels, do more to help other countries achieve 
sustainable development and to promote and deliver sustainable development 
internationally or in the EU? 
 
 
 
 
24: What distinctive contributions can government, business, charities and non-
governmental organisations, and the public make and how might the strategy help kick-
start those contributions? 
 
 
 
 
 
 
 
• Educate the people on the impact of their actions 
• Engage the media in a national campaign and debate on sustainable development issues 
• Make sustainable development a part of school curriculums 
• Use of various forms of incentives and tougher regulations 
• Leadership and consistent messages from the Government 
• Encourage and incentivise businesses to take action 
• The above, plus 
• All mode of communication 
• Two-way communication is important 
• Education and public awareness raising 
• Climate change, setting emission level and the use of emerging market-based instruments like 
emission trading ‘Joint Implementation’ and ‘Clean Development Mechanism 
• Poverty, major diseases, and social inequality 
• Environmental injustice and protection of biodiversity 
• International trade reform to promote sustainable products and services 
• Developing countries debt cancellation and access to global trade
• Leading by example 
• Take the leading role in setting and achieving international targets and agreements 
• Sharing of knowledge, expertise and disseminate best practice 
• Leadership and commitment through legislations, fiscal policies and procurement 
• Education and awareness raising 
• Strategy development and reporting 
• Use of sustainable procurement strategy and supply chain management
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25: What lessons can we learn from other countries to shape our sustainable 
development strategies and how we put them into practice? 
 
 
 
 
 
 
 
 
 
 
Getting the structures right for leadership 
 
26: What more do we in Government need to do to improve our own leadership in 
sustainable development? How would you like to see reporting improved? 
 
 
 
 
 
 
 
 
 
27: What do you see holding back effective action by Government? 
 
 
 
 
 
 
 
 
28: In what areas is a clearer lead from us needed to promote sustainable 
development? What form might this take? 
 
 
 
 
 
 
 
In the English regions 
 
29: What are the main challenges for delivering sustainable development in your 
region? 
 
• Household recycling scheme from Germany 
• Extensive use of eco-labeling and tax incentive for sustainable products and services for Germany 
• Integrated waste management system for Austria and Germany. 
• Holland Integrated transport planning 
• Canadian disadvantaged community initiatives 
• Promotion of healthy meals at schools in France 
• Development of human capital through well funded education and training in Finland 
• Promotion of industrial ecology where waste of one company is a resource to the other company 
in USA 
• Lead by example and promote consistent actions among Governmental departments 
• Empowerment of local authority/Highways Agency to make decisions that favour sustainable 
development 
• Reduce bureaucracy and encourage sharing of information between governmental bodies 
• Promote research collaboration with business and higher education to develop environmental 
benign technology 
• Support and procure sustainable services and products 
• Benchmark UK performance again best of breed in Europe
• The narrow scope of conventional market and political regulatory arenas  
• Disparity between democratic decision-making, consensus-seeking and long term planning 
concerning sustainable development 
• Increasing concentration of power to the few multinational corporation through globalization 
• Conflict of interest between political feasibility and environmental acceptability 
• Lack of political will and maximization of re-election prospect 
• Lack of coordinated approach between the central government and the governmental bodies 
• Leadership in implementing sustainable issues in decision making 
• Procurements of sustainable products and services even when more expensive than the 
conventional ones 
• Setting ambitious sustainable development targets for government bodies, linking these with 
bonuses 
• Local and regional government practicing and fully embraced governmental sustainable 
• As above 
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30: How can Regional Chambers, Regional Development Agencies and other 
regional organisations better deliver sustainable development?  What contributions from 
a national and local level would help the regions to improve delivery of sustainable 
development?  
 
 
 
31: How can regional sustainable development frameworks better contribute to the 
delivery of sustainable development? 
 
 
 
At the local level 
 
32: What are the main challenges for delivering sustainable development in your 
local area? 
 
 
 
 
 
 
 
 
 
33: How can we re-energise local delivery and strengthen local leadership for 
sustainable development? 
 
 
 
 
 
 
 
 
34: How could local stakeholders make the most of existing partnership 
arrangements, strategy requirements, freedoms and flexibilities to improve delivery of 
sustainable development? 
 
 
 
 
35: What can be done to build the capacity of local professionals and local 
communities to deliver sustainable development? 
 
 
 
 
 
• Financial constraints 
• Lack of understanding of the concept of sustainable development from both the local authorities 
and the public at large 
• Lack of support from the local authorities for the proactive organizations to development 
sustainable products or deliver sustainable services 
• Lack of consistency of messages from both the local authority and the national government 
• Lack of commitment from the local authorities 
• Bureaucracy and complexity of administration and planning procedure 
• Short-term thinking and conservatism from the local authorities 
• Thorough re-education of local authorities to change their mental mode and encourage 
entrepreneurial culture 
• Overhaul of planning procedures to give more weighting to the sustainable issues 
• Encourage local authorities to procure sustainable products and services 
• Government must set ambitious local sustainable development targets linked with bonuses for 
local authorities 
• Community empowerment through grass-root involvement in decision making and control over 
public assets 
• Development of trust between local authorities and both public and private organisation 
• Encourage partnership between local authorities and local organizations on both small and large 
scale development projects 
• Access to training and education on sustainable development 
• Financial support for sustainable initiatives 
• Better communication and sharing of information 
• Encourage the procurement of local produce and services 
• As above 
• As above 
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The business contribution to sustainable development 
 
36: What more needs to be done to improve the business contribution to delivering 
sustainable development? 
 
 
 
 
 
 
 
 
 
37: What actions should we take to support, enable or require a higher level of 
business contribution? 
 
 
 
 
 
 
 
Measuring our progress 
  
38: What are the strengths and weaknesses of the current sustainable development 
indicators, and how they are used? 
• In general 
• More specifically indicators used: 
o in the UK Government’s headline set; 
o in the wider UK core set in ‘Quality of life counts’; 
o in Scotland, Wales and Northern Ireland; 
o in the English regions; 
o in local authorities; and 
o elsewhere (for example sectoral indicators). 
 
 
 
 
 
 
 
39: What needs to be monitored and measured UK-wide? 
 
 
 
 
 
 
 
• Financial incentives through tax break and/or funding to encourage sustainable technological 
innovation 
• Education, awareness raising, capacity building and action oriented strategy for industries 
• More collaboration and interaction between government and businesses to share best practices 
• Government to show leadership by procuring sustainable products and services 
• Price signal from the government to reflect the true cost of sustainable products and services 
• More tax and fines on non-compliance and unsustainable products and services, extensive use of 
polluter pays principle 
• Compulsory sustainable reporting and benchmarking  
•  As above, plus 
• Government to set up sustainable actions taskforce-s and working group to provide free 
consultations to businesses and promote product innovation and dissemination of best practices 
• Fundamental reform of corporate laws, regulations, tax, subsidy to encourage sustainable products 
and services innovation 
• Encourage discursion forums within different sectors to share ideas 
• In general, most of these indicators are end-of-pipe measurements (e.g. emissions, pollution, tones 
of hazards etc.). Though important, they treat the sustainable objectives as a separate entity.  
• They do not show the trends in cause-and-effect, hence a need for systems approach and 
composite indicators such as the ecological footprint 
• Here environmental and social can be integrated into economic growth. For example energy 
cost/GDP, Carbon dioxide emission/GDP etc 
• All the three main themes of sustainable development (economic, social, and environmental) 
including the key issues such as waste, emissions, employment, health, income distribution, etc. 
• These three dimensions of sustainability indicators must be linked and converted in a single 
common currency
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40: Who are the audiences for indicators and how could we better meet their needs? 
 
 
 
41: Should any set of indicators supporting the new strategy: 
• concentrate on just the main priorities in the strategic framework; or 
• be wider and more comprehensive? 
 
 
 
 
42: Should important high-level sustainable development indicators focus on 
monitoring: 
• general progress towards final outcomes; 
• specific delivery actions and targets; or 
• both? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
All stakeholders e.g. public, businesses, NGOs, government agents, policy and decision makers, etc. 
Indicators need to be concise, specific and focused on the main priorities in the strategic framework 
Both are important to achieving sustainable development, hence indicators must focus on monitoring 
progress towards the final outcomes as well as specific delivery actions and targets. 
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A Checklists of Practices for the Construction Industry Towards the 
Path of Sustainability 
 
This work collates and reviews several case studies of practical applications of 
sustainability by the leading organisations and authors. The outcome of this is the 
development of these checklists for the construction industry with a slight emphasis on 
the highways maintenance contractors. The issues are collated under three headings 
(P3): People, Project and Place.  
 
1. PEOPLE 
 
1.1 Clients 
• Build long term relationship based on mutual trust and openness with clients 
through partnership working 
• Focus on delivering best value service and developing clients business through 
continuous improvement and sharing gain and pain 
• Provide honest information about the known environmental impacts of your 
company and develop measures to mitigate these impacts 
• Invite clients to assist in setting targets, audit and criticise your efforts 
• Share your understanding of sustainability issues with clients 
 
1.2 Employees 
 
1.2.1 Culture 
• Create an organisation culture that supports experimentation and learning by 
doing 
• Create atmosphere that encourages employees to question status quo and 
take risks 
• Create environment that encourages life-long learning to facilitate quick 
response to changing market environment 
• Create a cohesive community of employees with a strong sense of identity  
• Engage the creativity of all employees and associates 
1.2.2 Understanding 
• Educate all employees on the corporate sustainability vision and objectives 
• Educate all employees on basic working principles and issues of 
sustainability  
• Create mechanism for employees to share knowledge of best practices 
• Bring in experts to address and challenge employees 
• Create newsletters to report sustainability projects and challenges, including 
information that is not specific to the company 
• Provide access to information that can help employees in their private lives, 
e.g. sponsor seminars on ways to save energy at home 
• Use experimental learning techniques to explain complex concepts 
• Hold a seminar (e.g. inaugural sustainability week) to raise awareness of 
your sustainability initiative 
• Develop on site and depot control mechanism, database of information sheet 
and toolbox talks 
 
 SUPPORTING DOCUMENTS 
 201 
1.2.3 Involvement  
• Involve employee in the development of organisation sustainability vision 
and strategy 
• Ask employees to give input into improving environmental impacts of their 
jobs 
• Ask employees if there are easy or low cost things that the company could 
do to make their jobs more pleasant and them more productive 
• Involve employees in decision making when it affects them and always 
listen to their thoughts on issues that affect them 
• Respect the knowledge and intelligence of all employees 
• Create work group teams to eliminate waste in their work areas 
 
1.3 Suppliers/subcontractors 
• Identify key suppliers/subcontractors in terms of spending and engage in 
sustainability dialogue 
• Share your corporate vision and internal framework for sustainability with 
suppliers 
• Involve suppliers in educational opportunities to learn more about sustainability 
• Develop supplier/subcontractor accreditation process e.g. sustainable supply 
chain scorecard and assessment questionnaire 
• Develop a partnership arrangement with key suppliers/subcontractors and 
constantly review and assess their performance 
• Where possible use local suppliers/subcontractors and contractually oblige 
suppliers/subcontractors to cooperate in your sustainability actions 
 
1.4 Community 
 
1.4.1 Environmental organisations and Government programs 
• Partnership with environmental organisations that work on issues important 
to your corporate philosophy 
• Participate in voluntary government programs with the Environmental 
Agency and others 
• Respond to consultations on documents (e.g. the Revision to MPG6, 
sustainable construction strategy etc.) 
• Commit a percentage of profit to sustainability or environmental research 
(e.g. switch your company credit card to an “affinity card” and encourage 
employees to do the same. With this your bank will pay small amount of 
their process charge to the charity of your choice) 
 
1.4.2 Networking 
• Contact other companies with similar vision and share ideas 
• Work with local academic institutions to research in latest sustainable 
construction technologies 
• Liase with both local and national experts and appoint a third party expert to 
join your organisation sustainability committee 
• Search for good practices and ideas outside your company to compile 
database of best practice guides 
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• Share your accomplishments with others and multiply good practices 
through them 
• Invest time and resources in organisations committed to environmental 
protection / sustainability issues (e.g. CIRIA, TRL, TNS, BiE, BitC, English 
Nature and etc) 
• Participate in networks such as the Movement for Innovation (M4I), the 
Construction Best Practice Programme (CBPP), etc. 
• Support strategic research into material properties, performance 
specifications and innovative methods of recycling, waste management and 
etc. 
 
1.4.3 The public 
• Develop auditing mechanisms open to public disclosure 
• Make public statements in support of sustainability principles and reporting 
• Sponsor community forum about local sustainability issues 
• Choose community projects to support with time and money (e.g. join 
Percent Club Index, new recruits to help out in the community as part of 
induction, train long-term unemployed and disadvantage group) 
• Open facilities to local school children to learn about sustainability and 
career opportunities 
• Donate old magazines to local schools, hospitals or senior citizen homes 
• Search organisation that will sell your surplus items and use the money to set 
up a scholarship in your company’s name 
 
1.5 Management 
 
1.5.1 Corporate strategy 
• Establish top management commitment to long-term sustainability strategy 
• Develop corporate sustainability vision and objectives to help in delivering 
business vision and objectives 
• Set up sustainability committee including a board member, head of each 
department, managers and third party organisation 
• Evaluate product and service offerings for fit with a sustainable society and 
develop sustainability strategy with targets and feedback mechanism 
• Ask employees to volunteer to serve as local sustainability coordinators (e.g 
waste management coordinator, energy coordinators etc.) and Green Teams 
to implement ideas 
• Gain certification in third party assessed systems such as ISO 14001, ISO 
9000 and liP 
• Create a process of managing all aspects of relevant sustainability issues 
• Develop well-defined corporate values, goals, decision making, and response 
mechanisms 
1.5.2 Metrics 
• Develop robust indicators to report on progress  
• Measure all waste, material and energy flows in physical and monetary units 
• Develop managerial “Full Cost Accounting” system (e.g. sustainability, 
accounting, whole life costing) 
• Audit management systems and disposal practices 
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• Create internal “green taxes” to highlight most profitable enterprise from 
total cost perspective 
1.5.3 Incentive plans 
• Give rewards to individuals or teams with the best sustainability ideas, 
projects or initiatives (e.g. sustainability award of the month/year) 
• Tie monetary compensation and annual employee appraisal to achieving 
well-defined sustainability goals 
• Recognise outstanding commitment and progress toward sustainability 
1.5.4 keeping enthusiasm 
• Set reasonable goals and always celebrate your accomplishments 
• Learn through playing games 
• Develop a sense of competition and pride 
• Bring in college interns to research special projects for a fresh perspective 
• Volunteer for a local hands-on project as a corporate team where the results 
of your labour are almost immediate (e.g. plant a garden of native plants, to 
refurbish community centre etc.) 
• Keep sustainability at fore and launch an on-going campaign on your waste 
management scheme, climate change, resource depletion, energy saving and 
etc 
 
2. Project 
 
2.1 Design 
• Design projects to use less materials while delivering the same or greater value 
• Replace non-renewable materials with more sustainable materials, such as: 
o renewable and secondary materials e.g., timber, recycle aggregates and 
concretes, etc. 
o sustainable harvested materials, e.g., Forest Stewardship Council (FSC) 
certified timber, quality assured recycle aggregates 
o locally produced and abundant materials 
o recycled and reclaimed construction waste (e.g. asphalt planning, 
concrete, bricks)  or industrial waste materials (e.g. pulverised fuel ash, 
furnace bottom ash, steel slag, blast furnace slag, railway track ballast, 
colliery spoil, cement kiln dust, etc) 
o materials consuming lower embodied energy 
• Eliminate use of hazardous chemicals 
• Design to minimise consumption of energy 
• Consider the whole life cycle of costs of option, not just the initial capital cost 
• Get input from all parties as early as possible in the life of a project to maximise 
the opportunities for innovation and recycling e.g. liase with the Environmental 
regulators to establish procedures for site that will avoid problem later 
• Use new design methods and performance based specifications where 
technically feasible to maximise the use of site won/alternative/recycled 
materials 
• Maximise the reuse of recycled products in the highest product value available, 
not just as low grade materials, e.g. blacktop planings as reclaimed bituminous 
material not just as capping  
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• Encourage clients to include options for recycling and use of alternative 
materials in tender documents, and to ensure a fair comparison is made with 
conventional methods and materials 
• Raise awareness of successes in sustainability initiatives by disseminating 
information to clients and regulators with regard to new materials, processes and 
applications. 
 
2.2 Construction 
2.2.1 energy & water 
• Research and adopt alternative energy sources consistent with local 
surroundings, such as hydroelectric, biofuel, solar power, wind power and 
etc. 
• Negotiate Green Energy contracts with utilities 
• Develop strategy with target to reduce energy and waste usage 
 
2.2.2 Material consumption & wastage 
• Adopt a zero waste mentality in the design processes to create no waste or 
scrap 
• Adopt a zero defect mentality as most material defects become waste  
• Eliminate hazardous waste 
• Adopt high efficiency planning and scheduling practices to minimise waste 
• Network with other companies to find waste streams that can become inputs 
for other processes 
• Buy raw materials in bulk to minimise packaging 
• Carefully segregate waste materials for reuse or recycling 
• Develop processes to utilise on-site scrap materials 
• Take corrective action on quality problems as far upstream as possible to 
minimise waste 
• Closely measure all material streams to monitor material efficiency 
• Carefully plan site and material storage to avoid waste  
• Partner with waste management contractors 
• Liase with the Environmental regulators as early as possible to assess the 
position with regard to the use of alternative materials and requirements for 
waste management licences or exemptions 
 
2.3 Marketing 
• Investigate sustainable clients and understand their needs and key sustainability 
issues to develop their businesses 
• Audit your current and planned service offerings in line with your clients needs 
(e.g. SWOT analysis) 
• Identify some strategic options and assess their potential in terms of your key 
sustainability issues and whether each has any communication potential 
• Identify risks and opportunities, establish the credibility of your performance 
and level of differentiation against your  
• Develop a sustainability marketing plan taking advantage of opportunities and 
minimise risks 
• Be conscious about the extent and strategy of external communications to avoid 
greenwash 
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2.4 purchasing/procurement 
2.4.1 work with suppliers/subcontractors 
• Share your corporate purchasing policy with all suppliers/subcontractors 
• Press suppliers/subcontractors to follow and document sustainable practices, and 
favour those that do 
• Press suppliers to take back packaging or not deliver it with the product 
• Buy services, not products 
• Encourage suppliers/subcontractors to report their environmental impacts in 
your terms 
• Ask for information about the environmental policy of the corporation and 
information about the specific products you buy from the suppliers 
• Consider the whole life cost of the product include the waste and embodied 
energy used to produce raw materials  
• Encourage suppliers to adopt robust quality control systems to ensure 
consistency and quality of product. Do not use suppliers who cannot produce a 
quality assured product 
2.4.2 Buy sustainably 
• Establish a “Buy Sustainably” policy stating the corporate goals on specific 
items when possible 
• Put together a “ green catalogue” of eco-products including product number 
and distributors contact relevant to your company 
• Circulate a list of recycled or environmental friendly products to purchasing 
staff 
• Set out clear guidelines to follow 
• Support training for purchasing agents to understand the issues and overview 
of the measures that can be implemented 
• Create an internal purchasing agent team focusing on identifying appropriate 
products 
• Share surpluses with other offices by publishing a regular list 
• Implement high efficiency planning and scheduling practices to minimise 
waste 
 
2.5 Managing project sustainability 
• Ensure project leadership comes from the client 
• Decide why you want to make your construction project sustainable 
• Decide how you are going to achieve a sustainable project 
• Ensure you understand the context of the project 
• Decide how you will evaluate how sustainable your construction project is 
• Control the project at every stage of the project cycle 
• Ensure you meet obligatory performance targets for the project 
• Define non-obligatory performance targets for the project 
 
3. PLACE 
This involves possible activities and actions at the head offices, depots and sites 
  
3.1 Operations 
3.1.1 Energy 
• Conduct an energy audit with the help of local utilities 
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• Reduce the level of energy consumption 
• Ensure that energy is from a renewable resource 
• Negotiate Green Energy contracts with utilities 
 
3.1.2 Lighting 
• Redesign lighting to fit work processes, resulting in productivity improvements 
• Install infrared motion detectors for automatic lighting control in rooms that are 
infrequently used e.g. toilets, storage rooms etc. 
• Replace incandescent lighting with compact fluorescent lighting 
• Retrofit existing lighting with high efficiency fluorescent or metal halide bulbs, 
electronic ballasts, and reflectors 
• Reduce use of high bay lighting 
• Maximise use of natural daylight 
3.1.3 Water 
• Reuse water whenever possible 
• Develop close loops whenever possible 
• Conduct water audits, looking for wastage and to find out which faucets are 
leaking and/or need low flow aerators 
• Install low flow fixtures in toilets and kitchen areas (e.g. low flush toilets use 1.6 
gallon per flush 
• If people often leave the water running, consider installing spring loaded valves 
or automatic sensors to shut faucets off automatically 
• Install water saving diaphragms in the toilet (it only take a few minutes and a 
wrench) 
• Install toilet dams (available at hardware stores for a few pounds or DIY – fill 
two of ½ gallon plastic jugs with water and put them in the tank but make sure 
you do not interfere with the toilet mechanism 
3.1.4 Office 
  
3.1.4.1 Paper 
• Use recycle paper with a high percentage of post-consumer content 
• Use chlorine-free paper, if available and switch to white paper for all your needs 
• Use paper envelops without windows and avoid Tyvek envelopes, so envelopes 
can be recycled 
• Place collection containers at every work station and copier to recycle used 
paper 
• Reduce or eliminate paperwork and numbers of copies 
• Scrutinise distribution lists 
• Make copies only on request; otherwise, route material 
• Maximise use of bulletin boards 
• Set up copiers so that double sided copying is the norm 
• Route magazines instead of getting separate copies 
• Keep paper that is still good on one side (GOOS paper) and make scratch pads 
out of it 
• Communicate via e-mail when possible, and don’t print your e-mail messages 
• Eliminate cover sheets on faxes (or consider using smaller cover sheets, Post-It 
fax-transmission stickers to be stick on the first page before you sent it) 
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• Get a rubber stamp or electronic message on printed items saying “This item is 
being reuse as part of our environmental commitment 
3.1.4.2 Electronics 
• Purchase only energy saving electronic equipment – look for the EPA’s Energy 
Star label 
• Turn off computer monitors when not in use 
• Turn off your computer when you go to lunch and over night 
• Use laptop or notebook computers instead of desktop models whenever possible 
• Plug printers and copiers into a time switch to ensure that they are turned off 
after working hours 
• Use a projector instead of printing overheads for presentations 
• Send used overheads back to 3M to be recycled 
• Send exhausted ink jet cartridges back to their manufacturer for recycling or to a 
local recharger 
• Lease the service of high end electronics instead of buying them (then they can 
be returned to the provider when you decide to upgrade instead of being 
disposed of) 
• Buy copiers, printers, and fax machines that use refurbished parts and toner 
cartridges 
 
3.1.4.3 Kitchen Crockery 
• Reduce and if possible eliminate plastic cups, spoons, plates etc and replace with 
reusable crockery  
• Consider issuing each employee a ceramic mug, perhaps with your company 
logo or an environmental message printed an environmental message printed on 
the side 
 
 
3.2 Maintenance 
• Invest in high quality maintenance to extend the life and maximise the efficiency 
of systems 
• Use only non-toxic cleaning compounds 
• Maximise use of all-purpose cleaners to reduce the number of chemicals used 
and to minimise the potential danger of mixing 
• Buy cleaner in concentrated form that can be mixed at different strengths for 
different purposes, reducing packaging and transportation 
• Use washable mugs, glasses, plates, and utensils 
• Use bulk product dispensers for beverages, condiments, etc. 
• Provide convenient and easy to understand recycling centres for common waste 
products 
• Measure all solid waste streams 
• Have the heating and cooling system checked annually and clean filters 
regularly 
 
3.3 Landscape 
• Leave as much habitat and vegetation as possible undisturbed by construction 
• Landscape to promote biological diversity 
• Design to minimise impact on local environment 
Sustainable Construction: A Web-based Performance Assessment Tool 
208 
• Compost organic matter (BioActivators – a powder that activates and speeds up 
composting can be used) 
• Mulch lawn clippings (e.g. invest in equipment to shred leaves and chip 
branches) 
• Put up bird boxes and start an employee-run nest box monitoring program 
• Plant a butterfly garden near and area that employees use often 
• Join the Wildlife Habitat Council 
• Start an employee vegetation garden with unused land or abandoned area 
• Create as much green space as possible around your company’s facilities e.g. 
parking lots, fields, abandoned facilities and other places that can be planted and 
developed 
• Create a series of nature trails for employees and their families or even for the 
whole community 
• Xeriscape by using plants adapted to local rainfall conditions 
• Use gray water to water the landscaping 
• Highlight native plants that are adapted to the local environment and do not 
require a lot of maintenance 
• Employ Integrated Pest Management to minimise use of chemical pesticides 
• Install storm water retention ponds to minimise volume and temperature spikes 
on local waterways from rain showers 
• Create bird sanctuaries in migration path 
• Put air-cleaning plants around your workplace even at the depot offices. 
Recommended – at least one four-to five-foot plant per 100 square feet (most 
effective are e.g. philodendrons, golden pothos, English ivy, peace lily, mother-
in-law’s tongue, spider plants and flowing plants like chrysanthemums and 
azaleas) 
• Give green gifts e.g. buy a tree or an acre of forest in an endangered forest etc. 
 
3.4 Transportation 
 
Fleet maintenance 
• Computerise the maintenance schedules for all company vehicles and conduct 
regular turnups 
• Consider radial tires to improve gas mileage and keep all tires properly inflated 
• Patronise repairs shops that recycle motor oil, tires, batteries, antifreeze and 
other fluids 
• Investigate cleaner fleet vehicles (i.e. cars and commercial vehicles) and include 
choice options in the company car lists (e.g. LPG, Hydro fuel, hybrid cars etc)  
 
3.4.1 Material, product & service 
• Ship by rail whenever possible 
• Reduce weight of product to consume less energy in transport 
• Favour locally produced products 
• Create transportation consortiums to maximise loading of trucks with other local 
businesses 
• Palletise waste materials to minimise transportation energy 
• Locate facilities to minimise distances to major centres 
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• Station commercial vehicles to minimise travel distances and facilitate quick 
response 
 
3.4.2 People 
• Offer transportation allowance or rebates to employees who use alternative 
transportation and do not consume parking space (check if this is tax deductible) 
• Offer public transportation passes to employees at a discount (some public 
transport sell company passes at a discount) 
• Make available on the company intranet or distribute copies of area public 
transport stop to employees 
• Offset employee travel and product transportation with tree planting through 
organisations such as Trees for Travel 
• Reduce number of trips by consolidating business or through better planning  
• Advice entitled employees to opt out of the company car scheme and use public 
transport or other environmental friendly option 
• Buy alternative fuel for vehicles 
• Allow employees to telecommute or work alternative hours 
• Encourage video conferencing 
• Set up a carpooling and/or vanpooling scheme 
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ConPass Model Evaluation and Validation Questionnaire 
 
The aim of this questionnaire is to evaluate a self-assessment prototype model developed to help 
construction companies to identify gaps in their corporate sustainability implementation efforts and focus 
attention on areas for improvements.  
 
NOTE: You only need to complete this form on the first page. The information in the Appendix is only 
provided for background information to facilitate the completion of this questionnaire 
 
Please Tick One Option Poor Average Good Very 
Good 
Excellent 
Q1. The effectiveness of the questions in capturing the 
overall sustainability implementation and management 
issues 
     
Q2. The formulation and ease to understand each 
aspect of the questions 
     
Q3. The extent to which the elements and the 
subcategories capture overall essence of sustainability 
issue 
     
Q4. The usefulness of the model to aid organisation 
sustainability implementation process within the 
construction industry 
     
Q5. Your overall assessment of the model 
 
     
 
Please Comment 
Q6. What is you opinion 
about the questions in each 
subcategory? Do any need to 
be rephrased? 
 
 If Yes, which Question/s? 
 
Please state rephrased version 
 
 
Q7. Do any new questions 
need to be added? 
 
 If Yes, please specify 
 
 
Q8. In what ways could the 
overall Model be improved? 
 
 
Additional Comments 
 
 
 
 
Thanks for your assistance 
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APPENDIX: ConPass Model 
Content: 
1.0 Background to ConPass 
2.0 ConPass Assessment Model 
3.0 ConPass Sample Report 
 
Sustainable Construction Performance Assessment Tool 
 
1.0 Background to ConPass 
 
Goal 
The aim of this self-assessment tool is to help construction companies to identify gaps in their corporate 
sustainability implementation efforts and focus attention on areas for improvements. The tool allows 
construction companies (i.e. Client, Consultant, Contractor, Subcontractor, Supplier and others) to: 
• gauge their sustainability performance; 
• benchmark their sustainability performance with peers; and 
• benchmark their sustainability performance with the construction industry as a whole 
 
Assessment Criteria (see 2.0 ConPass Assessment Model) 
The assessment comprises of 4 main elements. These elements are subdivided into 36 critical factors with 
four maturity levels namely: poor, average, good and excellent. 
 
Instructions 
The assessment must be completed by individual with overall responsibility for sustainable construction 
in the organisation (e.g. Sustainability manager, environmental manager, health & safety manager and 
others responsible for sustainability issues) 
The assessment takes roughly 30 minutes to complete and can be completed in more than one sitting 
Respondents are required to tick a box on a scale of 1 to 5 (see rating scale below) and all questions must 
be completed 
 
Rating scale: How to rate your company 
1. No Evidence of positive initiative or result in this area 
2. Very Little Evidence of positive initiative or result in this area 
3. Some Evidence of positive initiative but progress is fleeting 
4. Strong Evidence of positive initiative but the challenge is keeping it going in the right direction 
5. Very Strong Evidence of positive initiative and result in this area is best practice.  
 
Outcome (see 3.0 ConPass Sample Report) 
On completion of the assessment, companies will be automatically presented with their Sustainable 
Construction Performance Report, which includes:  
 
Average scores for each category and overall sustainability performance score. 
A radar diagram for organisational benchmarking both with peers and the industry as a whole. 
A summary of responses and guidance on areas for improvement. 
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2.0 ConPass Assessment Model 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
ENVIRONMENTAL 
MANAGEMENT
POLICY DEVELOPMENT 
& EMBEDMENT
ECONOMIC 
MANAGEMENT
SOCIAL 
MANAGEMENT
Monitoring / reporting 
Internal control / External 
Influence 
Culture, Structure / Governance 
Legal and Regulatory 
Review / Management 
Training / Communication 
Legal Review / Management 
Vision / Operating Principles
Economic Reporting
Business Case
Top/Bottom Support
Stakeholder Engagement
Vision / Operating Principles
Corporate Governance 
Strategic Planning 
Organisational Development
Corporate Codes of Conduct 
Risk Management 
Knowledge Management
IT Management 
Quality Management System
Economic Performance
Environmental Profit / 
Loss Accounting
Environmental 
Management System
Environmental 
Charters
Environmental Policy / 
Standards
Responsible for 
Environmental Issues 
Environmental 
Reporting 
Environmental 
Performance
Social Performance
Social Policy / 
Standards
Social Reporting
Stakeholder Consideration
Social Management 
System 
Social Charters
Responsible for 
Social Issues
Holistic Approach
PoorAverage
GoodExcellent
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Top of Form 
Holistic approach 1 2 3 4 5
Our organisation’s sustainable construction initiative addresses the economic, social and 
environmental impact of our operation and supply chain 
     
Business case 1 2 3 4 5
Our organisation has an internal written business case for addressing sustainability issues 
within which the boundaries of our organisation’s responsibility, capacity and capability 
are defined 
     
Top/bottom support 1 2 3 4 5
Our senior management is fully supportive of the development of our sustainability policy      
Our senior management is fully committed to the integration of sustainability policy at the 
core of our project delivery and decision making processes  
     
Our employees are aware of our sustainability policy and some have specific roles and 
responsibility 
     
Impact review of operation 1 2 3 4 5
Our organisation has undertaken a baseline review/assessment of the economic impact of 
its operation and benchmarked performance against industry leaders 
     
Our organisation has undertaken a baseline review or assessment of the environmental 
impact of its operation and benchmarked performance against industry leaders 
     
Our organisation has undertaken a baseline review or assessment of the social impact of 
its operation and benchmarked performance against industry leaders 
     
Legal and regulatory review and management 1 2 3 4 5
Our organisation has mapped relevant legislative, regulatory and contractual requirements 
with associated contact lists, level of compliance and people responsible for compliance 
management 
     
Our organisation has a system in place for managing and updating future legal, regulatory 
and contractual agreement 
     
Stakeholder engagement 1 2 3 4 5
Our key stakeholders are consulted and involved in developing our sustainability policy      
Our key stakeholders are regularly consulted and involved in updating our sustainability 
policy 
     
Our organisation has a documented processes for handling and responding to key 
stakeholders feedback on its sustainability strategies and policy  
     
Vision and operating principles 1 2 3 4 5
Our organisation has a vision and/or mission statements, which set the organisation’s 
direction in relation to sustainability 
     
Our organisation has an agreed set of operating principles/codes of conduct to support and 
facilitate the achievement of its long-term vision of sustainability 
     
Our organisation has a definition of sustainable construction for internal and external use      
Sustainability impacts and actions 1 2 3 4 5
Our organisation has a detailed map for managing its key sustainability issues with 
associated levels of priority, actions, impacts and outcomes 
     
Our organisation has short, medium and long-term action plans to deliver its sustainability 
policy with defined objectives, targets, performance indicators and a list of personnel 
responsible for delivery action plans 
     
Our organisation has a process to evaluate and manage its supply chain sustainability 
issues, risk and opportunities and drive performance improvement through training and 
awareness 
     
Organisational culture, structure and governance 1 2 3 4 5
Our organisation has undertaken a cultural analysis including operational practices, 
organisational structure and governance (i.e. decision making and accountability; 
information generation and sharing; and distribution of resources and wealth) 
     
Our organisation has taken action to ensure that its internal culture, structure and 
governance is supportive of its sustainability vision, principles and policy 
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Our organisation has an ongoing change management process and ensures that its vision 
and policy are effectively communicated and organisational change is supportive of a 
move toward sustainability 
     
Training and communication 1 2 3 4 5
Our organisation has an ongoing awareness raising and training material delivery through 
a blend of approaches such as web-based training, staff induction packs, toolbox, posters, 
face to face and so on 
     
Our organisation regularly undertakes a training needs analysis of its staff and other 
necessary business partners and launches training programmes as appropriate to drive 
cultural change 
     
Our organisation frequently organises sustainability awareness raising workshops, 
meetings, and events with key stakeholders to capture organisational learning, innovative 
ideas and performance improvements 
     
Internal control and external influence 1 2 3 4 5
Our organisation has internal controls mechanism for measuring and refining the 
effectiveness of vision, operating principles, strategy, objectives, targets and overall 
sustainability policy 
     
Our organisation has a mechanism for identifying opportunities for collaboration with 
external bodies and organisations to create a more positive enabling environment for 
business sustainability 
     
Our organisation has won an industry wide recognised sustainability award or been 
finalist in its sector within the last five years for its sustainability policy and strategies 
     
Monitoring and reporting 1 2 3 4 5
Our organisation collates both quantitative and qualitative data to measure and benchmark 
its performance against peers and take preventative, corrective and innovative actions as 
appropriate 
     
Our organisation produces sustainability reports in line with Global Reporting Initiative 
and/or other reporting guidelines for its key stakeholders 
     
Our organisation’s sustainability report is verified by an independent external organisation 
or third party 
     
Bottom of Form 
 
 
 
  
Top of Form 
Corporate governance 1 2 3 4 5
Our organisation has defined corporate governance standards implemented with robust 
control and feedback processes 
     
Our organisation’s board of directors has set up committees/teams such as health and 
safety, environmental, sustainability, risk, IT, human resources, business improvement, 
strategic committee and so on 
     
Our organisation has a director at board level with overall responsibility for its economic 
sustainability issues 
     
Strategic planning  2 3 4 5
Our organisation uses strategic tools such as scenario planning, game theory, system 
dynamics or similar in strategic planning of highly uncertain issues 
     
Our organisation uses the balanced score card or a similar system to implement key 
performance measures and adapt them to strategic goals and vice-versa 
     
Our organisation value management system integrates sustainability issues in the decision 
support tools (e.g. multi criteria analysis, LCA, WLC and so on) for strategic decision 
making 
     
Organisational development 1 2 3 4 5
Our organisation development projects explicitly consider one of the following 
organisational dimensions - structural (targets, tasks, effectiveness), political (power, 
influence, conflicts), cultural, (symbols, social interaction), process dimension 
     
ELEMENT 2: ECONOMIC MANAGEMENT 
 SUPPORTING DOCUMENTS 
 217 
Our organisational core values, vision and mission statements align with one or more of 
the following - trust, integrity, openness, social, environmental, people, teamwork, 
partnering and involvement 
     
Our organisation explicitly considers at least one of the above core values for its senior 
management performance appraisal, rewards and appointment policies 
     
Corporate codes of conduct and policy 1 2 3 4 5
Our organisation has a corporate code of conduct for all employees covering such issues 
as corruption, bribery, discrimination, money laundering, information confidentiality, 
uncompetitive behaviour and so on 
     
Our organisation has written specific codes or policies for managing economic aspects of 
sustainability 
     
Our organisation has an independent monitoring programme to ensure compliance with 
our policy/codes of conduct 
     
Risk management 1 2 3 4 5
Our organisation has fully implemented corporate risk standards and guidelines covering 
such risk as occupational health and safety, environmental, security, IT, financial 
reputation risks and so on 
     
Our organisation has a dedicated team (represented at senior management level) with 
overall responsibility for managing risk 
     
Our organisation has a company wide incident/near miss notification and corrective 
procedure in place 
     
Our organisation has a business continuity plan for all its operations with identified risks 
and their management 
     
Knowledge management 1 2 3 4 5
Our organisation has a knowledge management system for capturing and disseminating 
employee, project team/supply chain know-how, organisational routines, industry best 
practices 
     
Our organisation has a dedicated team (e.g. business improvement team, represented at 
senior management level) with overall responsibility for knowledge management 
     
Our KM system includes regular tracking (of employee skills, incentives for sharing 
information, attracting and retaining highly skilled staff, brainstorming exercise, focused 
group session) and alignment with organisational intellectual capital needs 
     
Information technology management and integration 1 2 3 4 5
Our organisation has a dedicated team with overall responsibility for its information 
technology 
     
Our information technology is accessible to the majority of our office staff and site 
workers 
     
Our organisation has a harmonised data management system for specific operational 
information and data (e.g. contacts, customer relationship and supply chain management 
and so on) 
     
Quality management system 1 2 3 4 5
Our organisation has fully implemented an accredited Total Quality Management (TQM) 
system (e.g. ISO 9000 or similar) for its operation or a similar standard 
     
Our TQM system is regularly audited by an independent monitoring organisation to 
ensure compliance with our policy/code of conduct 
     
Our organisation has won a Quality award (e.g. European, Malcolm Baldrige and others) 
or been finalist in its sector within the last five years for its TQM system 
     
Economic performance 1 2 3 4 5
Our organisation monitors and evaluates its economic performance using industry 
recognised indicators (such as client satisfaction, project defects, completion time, costs 
predictability and so on) 
     
Our economic policy is supported by specific targets (e.g. 10% client satisfaction by 2008)      
Our economic targets and performance are benchmarked within peer group and/or against 
industry leaders 
     
Economic reporting 1 2 3 4 5
Our organisation produces an economic report (as part of financial/sustainability and/or a 
stand-alone report) for its stakeholders at least once a year 
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Our economic performance report is verified by an independent external organisation or 
third party 
     
Our organisation publishes its economic performance report externally      
 
 
 
 
Top of Form 
Responsibility for environmental issues 1 2 3 4 5
Our organisation has a director at board level with overall responsibility for environmental 
aspects of sustainability 
     
Our organisation has a team/department in charge of overall coordination of 
environmental issues 
     
Our line managers are fully involved and responsible for implementing company 
environmental policies and standards 
     
Environmental policy and standards 1 2 3 4 5
Our organisation has an internally written and fully implemented environmental policy 
signed off by the board and is accessible by our stakeholders 
     
Our environmental policy clearly states our benchmarking targets within peers and 
industry wide, measurable objectives and full impact of operation and supply chain 
     
Our environmental standard covers generic resources use (water, energy, material) waste 
management, biodiversity plan and so on, that apply to all its operation and supply chain 
     
Environmental charters 1 2 3 4 5
Our organisation has a signed environmental charter and is fully committed to the 
principles of environmental aspects of sustainable development/ sustainable construction  
     
Our organisation is a member of at least one of the bodies/group working to promote 
environmental aspects of sustainability (e.g. The Natural Step, SIGMA, CERES, CIRIA, 
Business in the Environment and so on)  
     
Environmental management system 1 2 3 4 5
Our environmental system is fully certified under ISO 14001, EMAS or a similar standard      
Our environmental management system is regularly audited by an independent monitoring 
organisation to ensure compliance with our policy/code of conduct 
     
Our organisation has won an industry wide recognised environmental award or been 
finalist in its sector within the last five years for its environmental system 
     
Environmental profit and loss accounting 1 2 3 4 5
Our organisation produces environmental profit and loss account for major projects / 
environmental impact assessment for most of its projects 
     
Our environmental accounting and/or environmental impact assessment information is 
integrated into project pricing 
     
Environmental performance 1 2 3 4 5
Our organisation monitors and evaluates its environmental performance (e.g. energy, 
water use, waste management, water and air emission and so on) 
     
Our environmental policy is supported by specific targets (e.g. 10% waste reduction by 
2008) 
     
Our environmental targets and performance are benchmarked within peer group / against 
industry leaders 
     
Environmental reporting 1 2 3 4 5
Our organisation produces an environmental report (as part of financial/sustainability 
and/or a stand-alone report) for its stakeholders at least once a year 
     
Our environmental report is verified by an independent external organisation or third party      
Our organisation publishes its environmental performance report externally      
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Responsibility for social issues 1 2 3 4 5
Our organisation has a director at board level with overall responsibility for social aspects 
of sustainability 
     
Our organisation has a team/department in charge of overall coordination of social issues      
Our line managers are fully involved and responsible for implementing company social 
policies and standards 
     
Social policy and standards 1 2 3 4 5
Our organisation has an internally written and fully implemented social policy/ ethical 
standards based on externally agreed standards signed off by the board and is accessible 
by our key stakeholders 
     
Our social policy states our benchmarking targets, measurable objectives and full impact 
of operation and supply chain 
     
Our social standards covers such issues as staff training, health and safety, equal 
opportunities, employee involvement in decision makings, work-life-balance, community 
development, partnership working and so on 
     
Social charters 1 2 3 4 5
Our organisation has signed externally agreed social charters and fully committed to the 
principles of social aspect of sustainable development/sustainable construction  
     
Our organisation is a member of at least one of the bodies/group working to promote 
social aspects of sustainability (e.g. Social Accountability 8000, Investor in People, 
Business in the Community and so on) 
     
Social management system 1 2 3 4 5
Our social management system is fully certified under Investor in People (IiP) or a similar 
standard 
     
Our social management system is regularly audited by an independent monitoring 
organisation to ensure compliance with our policy/code of conduct 
     
Our organisation has won an industry wide recognised social award or been finalist in its 
sector within the last five years for its social system 
     
Stakeholder consideration 1 2 3 4 5
Our organisation produces a stakeholder engagement plan / social impact assessment for 
its major projects and where appropriate register the project for considerate contractors 
scheme or a similar standard 
     
Our key stakeholders consultation feedback and/or social impact assessment information 
is integrated into project pricing 
     
Social performance 1 2 3 4 5
Our organisation monitors and evaluates its performance (e.g. staff annual turnover, 
minor/major accidents etc) 
     
Our social policy is supported by specific targets (e.g. 10% reduction of major accidents, 
by 2008) 
     
Our social targets and performance are benchmarked within peer group / against industry 
leaders 
     
Social reporting 1 2 3 4 5
Our organisation produces a social report (as part of financial/sustainability and/or a 
stand-alone report) for its stakeholders at least once a year 
     
Our social report is verified by an independent external organisation or third party      
Our organisation publishes its social performance report externally      
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3.0 ConPass Sample Report 
(Please note: the result in this report is just for demonstration only) 
 
 
 
Sustainable Construction Performance Report 
 
Company Name: XXXXX 
Prepared by:  XXXXX 
Prepared on: XXXXX 
 
 
I. Your performance matrix score 
 
 
Category Name 
 
Mean Score 
 
Economic Management 2.09 
 
Environmental Management 3.48 
 
Socio-economic Management 2.50 
 
Policy development & embedment  1.29 
Sustainable construction performance score 2.34 
 
KEY: 
 
 
 
 
 
 
 
 
 
 
II. Your average mean scores benchmarked 
 
Category Name Your 
Company
Peers 
 
Peers 
(business 
type e.g. 
contractors) 
Industry
 
 
 
Economic management 
 
2.09 3.68 4.58 
 
3.58 
 
 
Environmental management 
 
3.48 2.98 4.07 4.86 
 
Socio-economic management 
 
2.50 3.68 4.58 3.58 
 
Policy development & embedment  1.29 1.91 3.30 2.23 
Sustainable construction performance score 2.34 3.06 4.13 3.56 
 
 
 
SUSTAINABILITY PERFORMANCE SCORES
 GOOD 
Your organisation has 
moderate capability and 
maturity but scope for 
improvements 
AVERAGE  
Your organisation needs to 
address these issues 
POOR  
Your organisation urgently 
needs to improve these 
aspects 
  
  
 EXCELLENT  
Your organisation has 
high capability and 
maturity 
 *Mean score 5.0 – 4.5  *Mean score 4.4 – 3.5  *Mean score 3.4 – 2.5 *Mean score 2.4 – 1.0 
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III Radar diagram showing your average score compared to peers and the industry as a whole 
0.00
1.00
2.00
3.00
4.00
5.00
Group C
Group B
Group A
Overall
Economic 
management
Environmental 
management
Socio-economic 
managementPolicy Development & 
Embedment
Sustainable 
construction
performance
KEY:
 
Sustainable Construction Performance Scores 
 
IV. Summary of your responses with colour coding on areas of improvement 
 
 Your Score 
Summary 
ELEMENT 1: POLICY DEVELOPMENT  & EMBEDMENT  
Holistic approach xxxx 
Business Case xxxx 
Top/Bottom Support xxxx 
Impact review of operation xxxx 
Legal and regulatory review and management xxxx 
Stakeholders engagement xxxx 
Vision and Operating principles xxxx 
Sustainability impacts and actions xxxx 
Organisational culture, structure and governance xxxx 
Training and communication xxxx 
Internal control and external influence xxxx 
Monitoring and reporting xxxx 
ELEMENT 2: ECONOMIC MANAGEMENT  
Corporate governance xxxx 
Strategic planning xxxx 
Organisational development xxxx 
Corporate codes of conduct and policy xxxx 
Risk management xxxx 
Knowledge management (KM) xxxx 
Information technology management and integration xxxx 
Quality management system xxxx 
Your company
Peers t rnover 
Pee s business type
Industry 
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Economic Performance xxxx 
Economic Reporting xxxx 
ELEMENT 3: ENVIRONMENTAL MANAGEMENT  
Responsible for environmental issues xxxx 
Environmental policy and standards xxxx 
Environmental charters xxxx 
Environmental management system xxxx 
Environmental profit and loss accounting xxxx 
Environmental Performance xxxx 
Environmental Reporting xxxx 
ELEMENT 4: SOCIAL MANAGEMENT  
Responsible for social issues xxxx 
Social policy and standards xxxx 
Social charters xxxx 
Social management system xxxx 
Stakeholder Consideration xxxx 
Social Performance xxxx 
Social Reporting xxxx 
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